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There  is  clinical  evidence  that  infections  run  a  more  virulent  course  in  patients 
suffering  from  certain  endocrine  diseases  than  in  normal  individuals.  It  is 
generally  accepted  that  infections  follow  such  a  course  in  the  patient  with 
diabetes  mellitus.  Apparent  failure  to  control  infections  is  not  limited,  however,  to 
patients  with  diabetes  mellitus.  In  the  endocrine  clinics  at  the  Massachusetts  General 
Hospital  other  examples  have  been  observed  repeatedly.  Persistent  inflammation  of 
the  throat,  from  which  usually  a  streptococcus  is  obtained  repeatedly  on  culture,  is 
common  in  patients  suffering  from  thyrotoxicosis.  The  inflammation  is  resistant  to 
therapy  and  often  disappears  only  after  thyroidectomy.  Two  patients  with  chronic 
suppuration,  one  of  the  hand  and  the  other  of  the  abdomen  following  appendicitis 
with  perforation,  were  found  to  have  myxedema;  the  infectious  process  cleared  up 
only  after  adequate  thyroid  medication.  Severe  infection  has  been  seen  among  the 
patients  with  hyperparathyroidism  and  we  advocate  correction  of  the  metabolic 
disturbance  before  operating  upon  the  complications  of  the  disease,  in  order  to  prevent 
the  spread  of  the  infection  to  the  urinary  tract. 

Life  endangering  infections  have  been  encountered  in  3  of  the  6  patients  with 
basophilism  seen  at  this  hospital.  An  overwhelming  bronchopneumonia  was  observed 
by  Cushing  in  one  of  his  original  cases  (i).  However,  an  increased  resistance  to  infec¬ 
tion  in  the  basophilic  syndrome  has  been  reported  by  others  (2). 

No  attempt  is  made  in  this  article  to  review  the  literature  with  reports  of 
observations  in  this  field.  The  significant  thing  is  that  efforts  to  obtain  quantitative 
data  indicative  of  an  abnormality  in  degree  or  rapidity  of  immune  response  by  pa¬ 
tients  with  these  endocrine  diseases  have  been  unsuccessful.  The  reported  studies 
of  the  relation  of  diabetes  mellitus  to  resistance  to  infection  have  recently  been  re¬ 
viewed  by  Marble,  White  and  Fernald  (3).  They  found  little  agreement  among 
workers.  In  their  own  work  the  blood  of  diabetic  patients  was  found  to  possess  the 
same  phagocytic,  bacteriostatic  and  bacteriocidal  power  against  certain  streptococci 
as  blood  from  normal  controls. 

Observations  correlating  abnormal  endocrine  function  with  virulent  infection 
are  not  limited  to  those  on  the  human  being.  Reports  from  several  laboratories  have 
contained  references  to  prevalence  of  infection  in  animals  with  various  endocrine 
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glands  removed.  It  is  the  distinct  impression  in  this  laboratory  that  dogs  and  cats, 
animals  ordinarily  free  from  wound  infections,  succumb  to  severe  infections  after 
adrenalectomy  and  hypophysectomy. 

Numerous  experimental  studies  have  been  made  to  obtain  data  regarding  the 
effect  of  hormones  on  the  course  of  infections.  As  in  the  clinical  field,  no  attempt  is 
made  here  to  cover  a  voluminous  literature;  excellent  reviews  can  be  obtained  in  the 
papers  of  Perla  (4),  and  Sprunt  (5).  Much  of  the  earlier  work,  particularly  in  regard 
to  the  adrenal  and  pituitary,  is  invalidated  today  since  the  glands  were  often  in- 
completely  excised  and  not  enough  of  the  physiologic  function  was  understood  for 
proper  control  of  the  degree  of  glandular  insufl&ciency.  A  large  portion  of  the  experi' 
mental  work  relates  only  to  morbidity  and  mortality.  In  those  papers  reporting 
quantitative  observations  of  specific  reactions,  such  as  those  involved  in  the  deter¬ 
minations  of  hemolysins  and  agglutinins,  there  are  often  conflicting  conclusions. 

Although  it  has  been  assumed  by  most  writers  that  there  is  a  specific  relation 
between  endocrine  function  and  the  course  of  infection,  it  is  possible  that  the  more  ‘ 
virulent  infectious  process  encountered  in  both  man  £ind  laboratory  animals  is  due 
to  non-specific  physiologic  abnormalities,  secondary  rather  than  primary  to  the  endo¬ 
crine  dysfunction.  Infections  flourish  in  patients  in  a  debilitated  state.  An  apparent 
lowered  resistance  in  such  patients  may  be  due  to  a  nutritional  deficiency,  and  it  is 
possible  that  there  is  nothing  more  specific  about  the  relation  of  endocrine  dysfunc¬ 
tion  to  lack  of  resistance  to  infection  than  a  debilitated  state.  The  present  experiments 
were  undertaken  in  an  attempt  to  obtain  quantitative  evidence  regarding  the  specific 
or  non-specific  effect  of  changes  in  endocrine  function  on  certain  Actors  involved  in 
response  to  infection.  Titrations  of  complement  in  the  blood  serum  of  the  rabbit  and 
dog  and  reactions  in  the  rabbit  to  injection  with  vaccinia,  chosen  because  of  their 
diverse  character  in  the  field  of  bacterial  and  virus  infection,  are  reported  here. 

METHODS 

The  complement  titer  of  blood  serum  was  measured  using  the  point  of  initial 
hemolysis  as  recommended  by  Koopman  and  Falker  (6).  In  the  first  exp»eriments  the 
point  of  50%  hemolysis  was  also  measured  for  comparison.  Since  the  point  of  50% 
hemolysis  was  found  to  be  less  accurate,  confirming  the  work  of  Ecker,  Pillemer, 
Wertheimer  and  Gradis  (7),  this  determination  was  abandoned.  The  serum  was 
separated  from  the  blood  as  soon  as  possible  after  taking.  The  sera  were  diluted  with 
Brooks’  solution  (8)  and  titrated  immediately  after  dilution.^  The  complement  titer 
is  recorded  on  the  charts  and  in  the  tables  in  terms  of  the  volume  of  the  diluted  serum 
at  which  initial  hemolysis  occurred. 

The  response  to  vaccinia  virus  was  observed  after  the  intracutaneous  injection 

*  Complement  titrations  were  carried  out  as  follows.  Sterile  sheep  cells  were  washed  4  times  with 
Brooks'  solution  (8)  then  standardized  to  contain  500  million  cells  per  cc.  The  red  cell  suspension  was 
sensitized  by  addition  of  5  u  per  cc.  of  rabbit  anti-sheep  hemolysin  (titer  i :  4000)  dissolved  in  an  equal 
volume  of  Brooks'  solution.  Thus  the  final  suspension  contained  150  million  red  cells  per  cc.  After 
mixing,  the  red  cell  amboceptor  suspension  was  allowed  to  stand  at  room  temperature  for  ly  minutes 
before  using.  Titrations  were  carried  out  by  pipetting  exactly  i  cc.  of  the  sensitized  cells  into  each  of 
20  serologic  test  tubes.  The  serum  of  the  experimental  rabbit,  diluted  1:8  with  Brooks'  solution,  was 
then  added  in  amounts  ranging  from  o.oi  to  0.20  cc.  All  tubes  were  then  brought  to  a  total  volume  of 
1.2  cc.  with  Brooks'  solution.  Since  the  action  of  complement  depends  upon  the  concentration,  it  is  im¬ 
portant  to  keep  the  volume  as  small  as  practical.  After  thorough  mixing  the  tubes  were  incubated  in  a 
water  bath  at  37°  C.  for  35  minutes.  The  racks  were  then  rotated,  centrifuged  and  read.  The  concentra¬ 
tion  in  the  tub^  showing  the  first  visible  trace  of  hemolysis  in  the  supernatant  fluid  was  considered  the 
end  point.  Control  tubes  were  also  set  up  consisting  of  i  cc.  sensitized  red  celb  diluted  to  1.2  cc.  with 
Brooks'  solution.  Variability  in  sheep  cell  hemolysis  was  checked  by  using  the  sera  of  normal  control 
rabbits  maintained  in  the  laboratory  as  standards.  Experiments  showing  abnormal  hemolysis  were 
discarded.  The  complement  titration  of  dog  serum  was  carried  out  in  the  same  manner  except  that  the 
serum  was  diluted  i :  20  with  Brooks'  solution. 
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of  0.25  cc.  of  various  dilutions  of  the  virus  filtrate.*  Daily  charts  were  made  for  each 
animal;  the  development  of  the  reaction  was  recorded  in  square  millimeters,  the 
regression  in  percentage  decrease.  Control  animals  were  injected  with  each  batch 
of  virus  filtrate.® 

Synthetic  cevitamic  acid  and  ferrous  sulphate  were  added  to  the  drinking  water 
and  dried  yeast  was  placed  on  the  lettuce  leaves  of  all  rabbits  daily  throughout  the 
period  of  experimental  observation.  The  blood  cevitamic  acid  level  was  measured  as 
recorded  in  the  succeeding  paper.  The  rabbits,  young  adults,  and  obtained  from  the 
same  stock,  were  mostly  males  with  a  few  non^pregnant  females.  Their  diet  consisted 
of  fresh  vegetables,  hay  and  oats.  The  diet  of  the  dogs  consisted  of  meat,  fresh  milk 
and  coddiver  oil. 

Thyroidectomy  was  performed  by  radical  excision  not  only  of  the  lateral  lobes 
and  fascia  surrounding  them  but  also  of  the  areolar  tissue  in  front  of  the  trachea 
from  the  larynx  down  to  well  below  the  level  of  the  lower  thyroid  poles.  Care  was 
taken  to  spare  the  lateral  parathyroids  and  the  recurrent  laryngeal  nerves.  Complete' 
ness  of  thyroidectomy  was  checked  by  following  the  drop  in  oxygen  consumption.^ 
An  occasional  animal  did  not  show  the  full  drop  in  B.M.R.  expected  following  total 
thyroidectomy;  presumably  a  complete  thyroidectomy  had  not  been  accomplished. 
All  such  animals  were  discarded.  Hypophysectomy  was  accomplished  as  previously 
recorded  (10). 

In  the  rabbit,  adrenalectomy  was  performed  by  the  abdominal  route,  some  in  one 
stage,  some  in  two.  In  the  dog  each  adrenal  was  removed  at  a  separate  operation 
through  a  lumbar  incision. 

EXPERIMENTS 

In  the  various  experiments,  complement  concentration  and  the  response  to  vaC' 
cinia  were  measured.  Two  hundred  and  sixteen  rabbits  (35  experimental  and  181 
control)  and  3  dogs  were  used. 

A.  Complement  in  control  rabbits.  The  distribution  of  413  determinations  of 
complement  concentration  in  168  normal  rabbits  is  given  in  table  i.  Two  of  the 
168  rabbits,  BC  and  109,  were  the  control  rabbits  maintained  in  the  laboratory 
throughout  the  period  of  the  experimental  observations.  Both  animals  were  observed 
for  5  months;  37  and  40  determinations  were  made  on  them  respectively.  The  remain' 
ing  166  rabbits  included  the  31  of  the  35  experimental  animals  having  preoperative 
and  pre'injection  determinations  of  complement.  Only  the  preoperative  and  pre' 
injection  determinations  are  included  in  this  table.  The  residual  135  rabbits  were 
maintained  simultaneously  and  under  identical  conditions  as  those  of  the  experimental 
rabbits. 

The  complement  concentrations  found  in  these  control  rabbits  confirm  the  con' 
stancy  of  complement  in  the  rabbit  as  reported  in  the  literature. 

B.  Complement  in  thyroidectomized  rabbits.  The  change  in  complement  titer  in 
10  rabbits  following  thyroidectomy  is  shown  in  figure  1.  There  was  a  slow  fall  in 
all  animals  to  below  normal  levels.  Two  animals  died  before  the  30th  postoperative 
day;  one  animal  reached  a  point  of  maximum  decrease  in  complement  on  the  28th 
postoperative  day.  The  point  of  maximum  decrease  in  complement  was  reached  be' 
tween  36  and  50  days  in  the  remaining  7  rabbits.  The  final  level  of  complement 

*  The  vaccinia  virus  filtrate  was  obtained  through  the  courtesy  of  Dr.  E.  S.  A.  Robinson  from  the 
Massachusetts  Antitoxin  Laboratory. 

*  Ward  (9)  has  shown  that  titration  of  the  same  filtrate  of  vaccinia  virus  using  several  normal  rab- 
bits  gives  nearly  identical  results.  He  felt  that  a  comparison  of  the  titer  of  different  filtrates  was  valid 
even  though  the  comparison  could  not  be  carried  out  on  the  same  animal. 

*  The  basal  metabolic  determinations  were  supervised  through  the  kindness  of  Dr.  Jacob  Lerman. 
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Table  i.  The  distribution  of  complement  concentration  in  168  normal  rabbits 


Serum  comp. 

Single  controls  | 

166  rabbits 

Total  control 
observations 

Rabbit  BC 

Rabbit  109 

c.c.  dil. 

0.07 

0 

0 

1 

1 

0.08 

0 

1 

13 

14 

0.09 

19 

21 

101 

141 

0. 10 

16 

16 

146 

178 

0.11 

2 

2 

51 

?6 

0.12 

0 

0 

13 

13 

Total  number 

determinations 

37 

40 

336 

413 

reached  was  such  that  approximately  100%  more  serum  was  required  for  initial 
hemolysis. 

The  vitamin  C  blood  level  was  followed  in  7  of  these  animals  during  the  post' 
operative  period.  The  values  ranged  from  0.18  to  1.22  mg.  per  100  cc.,  well  within 
normal  limits. 


Fig.  I.  Complement  concentration  in  10  thyroidectomized  rabbits. 

Four  additional  rabbits  were  thyroidectomized  but  the  complement  was  observed 
only  from  the  6th  through  the  9th  months  postoperatively.  The  complement  titer 
was  found  to  be  consistently  low  throughout  this  period.  In  2  rabbits  it  ranged  from 
0.13  to  0.15  cc.;  in  the  other  2  from  0.15  to  0.18  cc. 

A  gain  in  weight  followed  thyroidectomy  in  the  12  rabbits  surviving  more 
than  a  month.  The  detailed  figures  of  the  weight,  O2  consumption,  and  blood 
cevitamic  acid  level  of  7  rabbits  are  given  in  table  i  of  the  following  paper. 

C.  Complement  in  thyroxin  injected  rabbits.  Thyroxin  was  injected  subcu' 
taneously  into  5  normal  rabbits.  The  equivalent  of  i  mg.  daily  was  injected  either 
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each  or  every  other  day.  The  total  doses  given  varied  from  9  to  ii  mg.  The  comple- 
ment  titer  and  blood  cevitamic  acid  were  observed  up  to  25  days  after  the  first 
injection.  All  animals  showed  a  rapid  loss  of  weight.  One  died  on  the  nth  day  and 
another  on  the  17th  day.  A  high  O2  consumption  was  observed  in  the  3  surviving 


Fig.  2.  Complement  concentration  in  5  rabbits  injected  with  thyroxin. 

animals.  The  rise  of  complement  concentration  of  the  blood  serum  in  these  animals 
is  shown  in  figure  2.  The  figures  showing  the  low  cevitamic  acid  level  of  the  blood 
as  well  as  the  O2  consumption  are  given  in  table  2  of  the  next  paper. 


Fig.  3.  Complement  concentration  in  9  hypophysectomized  rabbits. 

D.  Complement  in  hypophysectomized  rabbits.  The  decrease  in  complement  titer 
occurring  in  9  rabbits  following  hypophysectomy  is  shown  in  figure  3.  Four  of  the 
animals  died  between  the  nth  and  15th  days  after  operation;  one  each  died  on  the 
i8th  and  19th  days,  and  only  3  survived  more  than  20  days.  Many  died  immediately 
after  the  taking  of  a  blood  sample.  Up  to  that  moment  they  had  all  been  in  the  good 
health  consistent  with  absence  of  the  anterior  pituitary.  All  showed  a  decrease  in 
complement  concentration  of  the  serum.  The  rate  and  extent  of  the  fall,  allowance 
being  made  for  the  shorter  duration  of  the  experiment,  was  comparable  to  that  seen 
following  thyroidectomy. 
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E.  Complement  in  adrenalectomized  rabbits.  The  complement  titer  of  7  rabbits 
before  and  after  adrenalectomy  are  shown  in  figure  4.  Three  of  the  animals  died  in 
typical  adrenal  insufficiency  from  10  to  15  days  after  adrenalectomy.  One  of  these 
showed  a  slight,  barely  significant  fall  in  complement.  Both  adrenals  had  been 
removed  in  one  operation.  The  other  2  animals  showed  no  decrease  in  complement 
concentration;  in  one  both  adrenals  were  removed  at  one  time,  in  the  other  they 
were  removed  at  separate  operations.  None  of  these  3  received  cortical  extract. 


Fig.  4.  COMPLEMENT  CONCENTRATION  IN  7  ADRENALECTOMIZED  RABBITS. 

Of  the  remaining  4  animals  of  this  group,  2  were  killed  in  apparent  health  at  83 
and  93  days  after  adrenalectomy;  a  third  died  of  sepsis  on  the  82nd  day;  the  4th 
died  on  the  133rd  day.  For  the  first  10  to  14  days  after  operation  all  4  of  these 
animals  lost  weight  and  passed  through  a  period  of  lassitude  consistent  with  some 
degree  of  adrenal  cortical  insufficiency.  One  animal  showed  a  significant  drop  in 
complement  concentration  from  the  3rd  to  loth  days  after  operation;  further  obser¬ 
vations  were  not  made.  This  animal  had  received  cortical  extract  on  the  day  of 
operation.  Another  showed  a  slight,  questionably  significant  decrease  in  complement 
throughout  a  period  of  60  days.  The  other  2  showed  no  alteration  from  the  normal. 

The  cevitamic  acid  level  of  blood  serum  was  measured  in  4  of  the  rabbits  after 
adrenalectomy.  There  was  no  consistent  variation  with  the  complement  concentra¬ 
tion.  In  2  animals  the  cevitamic  acid  fell  to  below  normal  and  in  only  one  of  these 
was  the  complement  decreased.  In  the  2  animals  with  normal  postoperative  cevitamic 
acid,  one  showed  normal  complement  and  the  other  decreased  complement  at  the 
time  when  the  low  cevitamic  acid  was  observed. 

F.  Complement  in  adrenalectomized  dogs.  The  complement  level  of  the  blood  of 
3  dogs  was  measured  before  and  after  adrenalectomy.  Adrenal  cortical  extract  was 
injected  in  maintenance  doses  for  8  to  13  days  after  removal  of  the  second  adrenal. 
The  extract  was  then  omitted  and  the  animals  allowed  to  slide  into  severe  cortical 
insufficiency.  The  experiment  was  terminated  at  this  point  in  dogs  i  and  2.  The 
third  dog  was  revived  from  severe  insufficiency  with  massive  doses  of  cortical  extract. 
A  normal  physiologic  state  returned  and  was  maintained  with  further  cortical 
extract  for  6  days.  Following  a  second  omission  of  the  extract,  severe  cortical  in¬ 
sufficiency  returned  with  death  of  the  animal.  In  order  to  judge  objectively  the 
degree  of  adrenal  cortical  insufficiency  serum  amylase  activity,  blood  sugar,  non¬ 
protein  nitrogen,  hematocrit,  serum  sodium,  potassium  and  chloride,  were  followed 
throughout  the  experiment  in  addition  to  the  measurement  of  complement  concen¬ 
tration.  The  changes  typical  of  adrenal  cortical  insufficiency  in  the  dog  occurred.  The 
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Table  1.  Complement  concentration  in  3  adrenalectomized  dogs 


Dog 

Date 

Adrenal' 

ectomy 

Wt. 

Cortin 

Blood 

C<»np. 

\mylase  | 

Sugar 

N.P.N. 

Hem. 

Na 

Cl 

K 

ks- 

cc. 

Wm 

B3I 

mg% 

mg.% 

%  celU 

m.eq. 

m.eq. 

m.eq. 

9/t4/38 

10.3 

Rt. 

9/ii 

0.08 

9/i9 

9-7 

0.07 

11.4 

10/  5  to 

Lt. 

/4.0 

to/  9 

lav. 

0.07 

lo/io  to 

/l.O 

lo/ij 

\av. 

10/14 

5.0 

lo/is 

0.08 

14.7 

83 

31 

30 

139 

10/16 

0.07 

14-9 

10/17 

0.07 

14.3 

lo/tS 

0.06 

14.8 

134 

10/191 

14.3 

114 

131 

103 

2 

10/19/38 

Rt. 

14.0 

0.07 

8. a 

45 

38 

146 

116 

3.8 

d' 

to/»8 

8.0 

11/  3 

6.0 

11/22 

9.1 

11/14 

0.08 

8.3 

lt/18  to 

Lt. 

18.0 

11/  1 

\av. 

11/  3 

8.0 

13.1 

15 

38 

144 

II? 

3.9 

11/  4 

8.0 

11/  4 

4.0 

0.07 

10.7 

31 

39 

144 

X15 

11/  6 

0.07 

11.7 

38 

39 

11/  7 

15.0 

0.07 

11.9 

11/  8 

15.0 

11-3 

31 

37 

141 

no 

ll/lO 

14.8 

13.0 

67 

39 

119 

108 

11/11 

14.5 

14.6 

no 

43 

106 

12/12 

14.4 

13-0 

106 

4i 

11/13 

14.3 

0.07 

14.1 

147 

41 

117 

104 

11/14 

131 

171 

43 

11/14 

14.3 

16.  I 

56 

161 

45 

109 

91 

8.9 

11/16 

0.07 

17.1 

186 

46 

111 

94 

11/17’ 

0.07 

3 

9/  4 

O.OQ 

cy 

9/  6 

Rt. 

144 

9/11 

9.5 

6.7 

9/19 

8.1 

to/31 

11.1 

11/  4 

9.3 

11 

48 

133 

105 

4.0 

11/11 

8.0 

11/13  to 

/3.3 

0.08 

8.9 

11/  4 

\av. 

11/  4 

1.0 

0.07 

19 

4X 

138 

no 

11/  6 

Lt. 

Q.l 

8.0 

11/  7  to 

9.5 

/6.a 

11/10 

lav. 

15.8 

17 

39 

I4I 

no 

11/11  to 

9-4 

16/ 

0.09 

ti/13 

\day 

11/14  to 

9.x 

/3/ 

11/17 

\clay 

0.09 

16. i 

4X 

44 

11/18 

3-0 

la/io 

8.5 

0.10 

X5.4 

88 

51 

11/11 

8.3 

38.0 

0.09 

14.9 

45 

X43 

48 

130 

104 

11/11 

la.o 

11.5 

36 

131 

11/13 

8.1 

10.0 

11.8 

36 

38 

11/14 

8.4 

8.0 

10.1 

134 

104 

11/25 

8.6 

8.0 

0.09 

118 

106 

11/16 

4.0 

10.1 

57 

35 

131 

104 

11/17 

8.7 

10.7 

114 

11/18 

8.4 

11.8 

94 

36 

98 

ii/»9 

8.3 

0.09 

13.9 

no 

38 

128 

94 

11/30I 

8.1 

0.08 

iir.7 

91 

108 

4X 

119 

104 

10. 1 

>  Killed. 
•Died 


serum  amylase  activity  rose  promptly  with  later  changes  in  the  other  findings  (ii). 
The  data  for  the  3  experiments  are  given  in  table  2. 

No  significant  change  from  the  control  values  for  each  animal  occurred  in  the 
complement  concentration.  In  dog  i  the  slight  variation  which  did  occur  was  no 
more  than  that  which  would  have  been  expected  from  presumable  changes  in  blood 
concentration.  In  dog  2  no  actual  change  in  complement  titer  occurred  in  spite  of  the 
moderate  recorded  change  in  hematocrit.  In  dog  3  a  slight  variation  in  complement 
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paralleled  the  observed  alteration  in  serum  concentration  recorded  in  the  hematocrit 
reading,  and  is  adequately  accounted  for  on  this  basis. 

G.  Vaccinia  response  in  rabbits.  The  response  to  vaccinia  virus  of  7  of  the 
thyroidectomized  rabbits,  4  of  the  unoperated  rabbits  injected  with  thyroxin,  6 
of  the  adrenalectomized,  and  2  of  the  hypophysectomized  rabbits,  quoted  in  sections 
B  through  E  above,  was  observed. 

There  was  no  significant  difference  in  response  in  the  rabbits  with  altered  thyroid 
function  compared  with  the  13  normal  control  rabbits.  There  was,  however,  an 
abnormal  response  in  the  adrenalectomized  and  hypophysectomized  animals. 

The  response  of  the  normal  rabbit  to  the  intracutaneous  injection  of  vaccinia 
virus  is  as  follows.  For  the  first  3  days  after  injection  there  is  no  visible  reaction.  On 
the  4th  day  the  papular  lesion  appears  abruptly  and  reaches  a  maximum  size  on  that 
day.  In  only  one  of  the  13  control  rabbits  was  the  maximum  not  reached  until  the 
5th  day  after  injection.  The  size  of  the  papule  varied  in  the  controls  from  i.iXi.o 
mm.  to  1.6  X  1.9  mm.  In  7  controls  the  maximum  sized  papule  occurred  following  the 
injection  of  the  i :  1000  dilution.  In  the  other  6  it  was  reached  in  the  i :  2000  dilution. 
In  all  13  animals  nearly  a  maximum  was  reached  in  the  1:4000  dilution  and  it  was 
only  in  the  3  greater  dilutions  that  a  significantly  smaller  papule  was  formed.  In  all 
13  controls  the  reaction  showed  an  obvious  decrease  on  the  7th  day  after  injection. 
The  decrease  continued  regularly  with  complete  disappearance  by  the  loth  day. 
The  data  of  a  typical  control  are  given  in  table  3. 


Table  3.  Vacx:inia  response  in  control,  adrenalectomized  and  hypophysectomized  rabbits 


Rabbit 

Vaccinia 

filtrate 

dilution 

Extent  of  reaction;  mm. 
days  after  injection 

4 

5 

6 

7 

8 

9 

10 

Typical  control 

1,000 

13X12 

15X13 

12X12 

nn 

nj 

2,000 

15X13 

12X13 

12X12 

B9!  |9 

12X13 

12X12 

11X12 

KB!  U 

■SI 

12X11 

iiXii 

11X11 

KB!  U 

iiXio 

loX  9 

loX  8 

KB!  !K 

4X  3 

4X  4 

4X  3 

ims 

■■ 

Adrenalectomized; 

1,000 

3X  3 

7X  7 

11X10 

11X11 

+++ 

Dead 

injected  7  days 

2,000 

0 

5X  4 

12X10 

12X 10 

+++ 

postop.;  died  15 

4,000 

0 

5X  5 

11X11 

12X12 

+++ 

days 

8,000 

0 

0 

9X 10 

9X  9 

++ 

16,000 

0 

0 

7X  6 

7X  6 

++ 

32,000 

0 

0 

5X  2 

5X  3 

+ 

Hypophysectomized; 

1,000 

6X  6 

6X  6 

+++ 

+ 

0 

0 

Dead 

inject^  14  days 

2,000 

4X  4 

4X  4 

+++ 

+ 

0 

0 

postop. 

4,000 

2X  3 

2X  3 

+++ 

+ 

0 

0 

8,000 

0 

0 

0 

0 

0 

0 

16,000 

0 

0 

0 

0 

0 

0 

32,000 

0 

0 

0 

0 

0 

0 

Hypophysectomized ; 

1,000 

loXio 

loX  10 

+++ 

+ 

0 

0 

0 

inject^  18  days 

2,000 

7X10 

7X10 

+++ 

+ 

0 

0 

0 

postop. 

4,000 

6X10 

6X  8 

+++ 

+ 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

16,000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1  Since  the  reaction  fades  over  the  entire  area  involved,  measurement  in  millimeters  is  no  longer 
possible.  The  amount  of  residual  reaction  is,  therefore,  represented  by  plus  signs;  for  example, 
indicates  that  75%  of  the  maximum  reaction  remains. 
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The  6  adrenalectomized  rabbits  were  tested  between  the  5th  and  12th  post' 
operative  days.  All  animals  showed  definite  signs  of  cortical  insufficiency  during  the 
test  period.  A  chart  showing  the  typical  response  in  one  animal  is  given  in  table  3. 
In  all  of  the  rabbits  the  appearance  of  the  reaction  was  delayed.  In  5  animals  only 
a  slight  reaction  was  visible  in  the  more  concentrated  dilutions  on  the  4th  day.  In 
one  animal  no  reaction  at  all  was  visible  on  the  4th  day.  Three  showed  a  maximum 
reaction  on  the  5th  day  while  the  remaining  3  did  not  reach  a  maximum  reaction 
until  the  6th  day.  The  degree  of  the  maximum  reaction  finally  reached  was  com' 
parable  to  that  of  the  controls.  The  reaction  was,  however,  short-lived.  The  regres¬ 
sion  started  at  the  same  time  as  in  the  controls,  on  the  7th  day  in  4  animals  and  on 
the  8th  in  2.  The  subsidence  was  completed  in  all  animals  within  the  time  of  that  of 
the  controls  in  the  4  animals  surviving.  Two  animals  had  died  by  the  9th  day  after 
injection  but  the  regression  was  well  underway  before  death. 

Two  hypophysectomised  rabbits  were  injected  with  the  virus  dilutions  on  the 
14th  and  i8th  postoperative  days.  The  records  of  both  are  given  in  table  3.  The 
reaction  appeared  promptly  on  the  4th  day  but  was  of  a  lesser  degree.  The  maximum 
reaction  reached  was  less  than  that  seen  in  any  of  the  controls.  No  reaction  appeared 
at  all  in  the  3  greatest  dilutions.  The  duration  of  the  reaction  was  shortened.  The 
premature  subsidence  was  underway  on  the  6th  day  and  completed  by  the  8th  day. 

Four  of  the  13  controls,  one  of  the  6  adrenalectomized,  and  4  of  the  7  thyroid- 
ectomized  rabbits  were  non-pregnant  females.  No  difference  from  the  males  was 
observed  in  their  reaction  to  vaccinia  virus. 

DISCUSSION 

The  observations  reported  in  this  paper  indicate  a  direct  relation  between 
thyroid  function  and  complement  concentration  in  the  blood  serum  of  rabbits.  With 
the  development  of  hypothyroidism  following  thyroidectomy  there  was  a  decrease 
in  complement  concentration.  In  the  unoperated  rabbit  with  hyperthyroidism  in¬ 
duced  by  thyroxin  the  complement  concentration  rose.  The  experiments  did  not 
show  whether  this  change  in  complement  was  a  direct  or  secondary  effect  of  the 
alteration  in  amount  of  the  thyroid  hormone.  It  is  unlikely  that  the  change  in  com¬ 
plement  was  due  to  a  nutritional  deficiency  induced  by  the  alteration  in  thyroid  func¬ 
tion  since  the  complement  rose  in  spite  of  the  rapid  loss  in  weight  following  injection 
of  thyroxin.  That  there  was  some  degree  of  nutritional  deficiency  accompanying  this 
loss  of  weight  is  suggested  by  the  decrease  in  blood  cevitamic  acid  found  in  these 
thyrotoxic  animals.®  Other  vitamins  and  accessory  food  substances  presumably 
also  decreased  in  concentration  although  no  data  were  obtained. 

Complement  concentration  in  the  rabbit  may  also  be  related  to  the  function  of 
the  anterior  lobe  of  the  pituitary.  The  observed  decrease  in  complement  concentra¬ 
tion  following  hypophysectomy  could  be  due  either  to  a  primary  loss  of  the  anterior 
pituitary  hormone  or  to  a  decrease  in  thyroid  activity  secondary  to  loss  of  the 
anterior  pituitary.  In  contrast  to  the  apparent  effect  of  the  thyroid  and  pituitary 
was  the  absence  of  change  in  complement  concentration  after  adrenalectomy  both 
in  the  rabbit  and  dog. 

The  experiments  with  the  vaccinia  virus  cannot  be  compared  with  the  observa¬ 
tions  of  complement  titer.  The  thyroid  was  without  apparent  effect  upon  the  char¬ 
acter  of  the  response.  The  diminished  reaction  encountered  following  removal  of 
the  entire  pituitary  was,  therefore,  presumably  not  due  to  secondary  decrease  in 
thyroid  function.  That  this  diminished  response  was  also  not  due  to  secondarily 

®  The  relation  of  complement  concentration  to  cevitamic  acid  blood  level  is  discussed  in  the  next 
paper. 
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decreased  adrenal  cortical  activity  is  suggested  by  the  different  character  of  the 
reaction  observed  during  adrenal  cortical  insufiBciency. 

The  diminished  response  in  the  hypophysectomized  rabbit  is  presumably  a 
direct  effect  of  the  absence  of  anterior  pituitary  hormone  although  absence  of  the 
posterior  pituitary  hormone  cannot  be  excluded.  Following  loss  of  the  anterior 
pituitary  gland  a  generalized  cellular  atrophy  is  observed.  This  atrophy  is  not 
limited,  as  many  endocrinologists  suppose,  to  the  glands  of  internal  secretion  but 
involves  the  skin,  liver,  spleen,  and  gastrointestinal  tract,  both  mucosa  and  muscu- 
laris.  In  fact  no  tissue  is  exempt.  It  is,  therefore,  possible  that  the  abnormal  response 
of  the  skin  of  these  hypophysectomized  animals  is  due  to  an  inadequate  cellular 
response  and  not  to  a  lack  or  retarded  production  of  any  specific  immune  bodies  to 
the  vaccinia  virus. 

It  is  difficult  to  judge  the  possible  role  played  by  the  pooterior  pituitary  in  this 
diminished  response.  Total  hypophysectomy  is  not  followed  by  diabetes  insipidus 
in  the  rabbit  as  in  most  other  experimental  animals  (12).  It  is  possible  that  the 
posterior  pituitary  mechanism  is  not  disabled  by  removal  of  the  posterior  lobe  and 
dependent  portion  of  the  stalk. 

The  delayed  and  more  transient  response  to  vaccinia  virus  of  the  adrenalectomized 
rabbit  Ccinnot  be  explained. 

Although  we  have  observed  consistent  changes  in  complement  concentration 
and  response  to  the  vaccinia  virus  following  alterations  in  endocrine  function,  we 
cannot  deduce  that  there  is  a  direct  hormonal  relation.  More  will  have  to  be  known 
of  the  nature  of  complement  and  of  the  response  to  the  virus. 


SUMMARY 

The  complement  concentration  of  the  blood  serum  decreases  significantly  in  the 
thyroidectomized  and  hypophysectomized  rabbit.  In  the  unoperated  rabbit  injected 
with  thyroxin  the  complement  titer  increases.  In  adrenal  cortical  insufficiency,  both 
in  the  rabbit  and  dog,  there  is  no  consistent  change  in  complement  concentration. 

The  response  to  vaccinia  virus  of  the  rabbit  is  not  altered  by  thyroidectomy  or 
injected  thyroxin.  Following  adrenalectomy  and  hypophysectomy  there  is  a  delayed 
and  a  diminished  response  respectively. 
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THE  RELATION  OF  ENDOCRINE  FUNCTION 
TO  RESISTANCE  AND  IMMUNITY 

II.  THE  INDEPENDENCE  OF  CEVITAMIC  ACID  AND  COMPLEMENT 
FOLLOWING  ALTERATIONS  IN  THYROID  FUNCTION 
IN  THE  RABBIT 

ISRAEL  KAPNICK  and  OLIVER  COPE 
From  the  Surgical  Laboratories  of  the  Harvard  Medical  School  at 
the  Massachusetts  General  Hospital 

BOSTON,  MASSACHUSETTS 

The  recent  discovery  of  the  relation  of  the  cevitamic  acid  level  to  complement 
concentration  in  the  blood  serum  of  the  guinea  pig  by  Ecker  and  his  co' 
workers  (i)  is  an  important  contribution  to  the  understanding  of  comple- 
ment.  The  reports  of  these  investigators  formed  the  basis  of  an  editorial  in  The 
Journal  of  the  American  Medical  Association  (2).  A  direct  correlation  between  the 
complement  concentration  and  the  cevitamic  acid  level  was  found  under  various 
experimental  conditions.  A  vitamin  C  deficient  diet  produced  a  drop  in  complement 
parallel  to  that  of  cevitamic  acid  in  the  serum.  The  addition  of  vitamin  C  to  the  diet 
not  only  relieved  the  scurvy  but  increased  the  complement  titer.  This  work  on  the 
guinea  pig  is  so  well  founded  that  in  studies  of  complement  concentration  it  is 
obviously  necessary  to  control  the  vitamin  C  level.  In  the  experiments  reported  in 
the  previous  paper  (3)  dealing  with  the  relation  of  certain  endocrine  glands  to  comple- 
ment  concentration,  the  vitamin  C  level  was,  therefore,  measured.  Much  to  our 
surprise  the  relation  of  vitamin  C  to  complement  in  the  blood  serum  of  the  rabbit 
subjected  to  thyroidectomy  and  injection  of  thyroxin  was  the  reverse  of  that  reported 
in  the  guinea  pig.  The  data  showing  this  reversed  relation  form  the  basis  of  this 
communication. 

METHODS 

The  cevitamic  acid  level  of  the  blood  serum  was  measured  by  the  method  of 
Mindlin  and  Butler  (4).  Subsequent  work  (5)  has  shown  that  the  use  of  cyanide  does 
not  contribute  a  significant  error.  The  level  is  recorded  in  the  tables  in  mg./ 100  cc. 
The  procedure  for  complement  determination  is  given  in  detail  in  the  previous 
paper.  The  figures  recorded  in  the  tables  are  the  volumes  of  diluted  serum  required 
for  initial  hemolysis.  The  metabolic  determinations  were  made  in  a  closed  circuit 
apparatus  through  the  courtesy  of  Dr.  J.  Lerman;  the  results  are  recorded  as  the 
volume  of  oxygen  consumed  per  kilogram  per  hour.  The  thyroxin  used  was  manu' 
factured  by  HoffmanTaRoche,  Inc.  Other  measures,  including  the  addition  of 
cevitamic  acid  to  the  drinking  water,  are  described  in  the  previous  paper. 

experiments 

Cevitamic  acid  and  complement  after  thyroidectomy.  Seven  young  adult  rabbits, 
weighing  about  2  kg.,  were  thyroidectomized.  The  complement  concentration  and 
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the  cevitamic  acid  level  of  the  blood  serum,  the  weight  and  the  metabolic  rate,  before 
and  after  thyroidectomy,  are  recorded  in  table  i^.  With  the  development  of  hypO' 
thyroidism  following  thyroidectomy,  the  complement  concentration  fell  in  all 
animals.  The  blood  cevitamic  acid  level,  however,  remained  at  normal  to  high 
normal  levels. 


Table  2.  Complement  and  vitamin  C  levels  in  rabbits  after  injection  of  thyroxin 


Rabbit 

Days  1 

Blood 

serum 

Wt. 

0, 

consumption 

Pre-in¬ 

jection 

After  1st 
injection 

Comp. 

Vit.  c 

cc.  dil. 

TMg. 

ks- 

cc./kg./hr. 

166 

6 

O.IO 

cT 

I 

O.II 

2.9 

9 

0.09 

2.6 

11 

0.07 

1-4 

15 

0.07 

0.00 

1-3 

18 

0.07 

0.00 

1-4 

21 

2.4 

863 

ij 

0.05 

169 

6 

0. 10 

d" 

I 

0.09 

1.9 

8 

0.09 

1.8 

10 

0.08 

1.6 

14 

0.08 

0.00 

1-4 

17 

0.06 

0.00 

20 

1.6  ! 

953 

22 

0.00 

181 

5 

0.09 

o' 

1 

0.09 

2.4 

I 

0.08 

0.28 

3 

0.09 

2.0 

4 

0.09 

1.9 

5 

0.08 

9 

0.15 

12 

1.6 

839 

182 

3 

O.II 

o' 

I 

0.12 

1-5 

1 

0.12 

0.43 

3 

0.12 

a-3 

4 

O.II 

O.IO 

Cevitamic  acid  and  complement  after  thyroxin  injection.  Thyroxin  was  injected 
into  4  normal  rabbits;  in  3  the  doses  averaged  i  mg.  daily  for  9  to  ii  days.  In  the 
fourth,  182,  5  and  6  mg.  of  thyroxin  were  injected  48  hours  apart.  This  animal  died 
4  days  after  the  initial  injection.^  The  data  are  given  in  table  2.  Following  the 
injections  the  rabbits  lost  weight  rapidly  and  the  metabolic  rate  was  high.  The 


*  The  actual  experiments  are  7  of  the  10  included  in  figure  i,  section  B,  of  the  previous  paper. 
The  other  7  thyroidectomized  rabbits  of  the  previous  paper  are  not  included  because  the  cevitamic  acid 
level  was  not  measured. 

*  Rabbit  182  was  not  included  in  the  thyroxin  experiments  in  section  C  of  the  previous  paper  be¬ 
cause  of  its  short  survival.  The  other  j  rabbits  are  those  of  section  C  in  which  the  cevitamic  acid  was 
measured. 


ISRAEL  KAPNICK  AND  OLIVER  COPE 


Volume  17 


546 

complement  concentration  rose  in  the  3  animals  surviving  more  than  4  days.  The 
blood  cevitamic  acid  fell  in  all  animals  to  very  low  levels.  This  fall  in  cevitamic 
acid  occurred  in  spite  of  the  synthetic  cevitamic  acid  added  to  the  drinking  water 
and  the  green  and  fresh  vegetables  in  the  diet.  The  animals  ate  voraciously  during 
the  toxic  stage. 

Control  observations.  The  cevitamic  acid  level  of  the  blood  of  8  stock  animals, 
maintained  on  the  same  diet  but  without  the  addition  of  synthetic  cevitamic  acid 
in  the  drinking  water,  was  measured  as  further  control.  This  was  done  partly  because 
the  cevitamic  acid  level  was  not  measured  before  thyroidectomy  in  some  of  the  rab' 
bits  and  partly  to  determine  the  variation  which  might  be  encountered  in  blood 
cevitamic  acid  in  normal  rabbits  in  our  colony.  The  cevitamic  acid  level  was  found 
to  vary  from  0.29  to  0.62  mg.  with  a  mean  of  0.46  mg.  and  an  average  of  0.41  mg. 

The  metabolic  rate  was  not  measured  in  all  of  the  rabbits  before  thyroidectomy 
and  the  injection  of  thyroxin.  The  metabolic  rate  has  been  determined  in  numerous 
control  rabbits  in  this  laboratory  to  lie  between  500  and  550  cc./kg./hr.  of  oxygen. 

DISCUSSION 

It  is  apparent  that  under  the  conditions  of  these  experiments  the  relation  of 
complement  to  cevitamic  acid  in  the  rabbit  is  not  the  same  as  that  encountered  by 
Ecker  and  his  collaborators  using  the  guinea  pig.  A  decrease  in  cevitamic  acid  in  the 
blood  of  the  guinea  pig  was  found  by  the  Cleveland  workers  to  be  accompanied 
by  a  parallel  fall  in  complement  concentration.  Also  a  low  complement  titer  of  guinea 
pig  serum  could  be  raised  by  the  addition  of  cevitamic  acid.  With  the  development 
of  hypothyroidism  in  the  rabbit  the  cevitamic  acid  level  in  the  serum  remains  at  a 
normal  level  yet  the  complement  concentration  falls  consistently.  In  spite  of  a  drop 
in  cevitamic  acid  to  negligible  quantities  in  the  rabbit  rendered  thyrotoxic  with 
thyroxin  the  complement  concentration  rises.  The  number  of  observations  is  small. 
A  single  experiment,  however,  suffices  to  show  that  the  rabbit  can  behave  differently 
from  the  guinea  pig  and  therein  lies  the  significance.  It  is  probable,  therefore,  that 
the  relation  between  cevitamic  acid  and  complement  in  the  blood  serum  is  not  a 
simple,  direct  one. 

There  are  two  possible  explanations  for  the  different  results  obtained  in  the 
rabbit  as  compared  with  those  in  the  guinea  pig.  First,  these  2  animals  may  possess 
an  inherent  difference  in  the  metabolism  of  complement  as  well  as  cevitamic  acid. 
A  difference  in  metabolism  of  cevitamic  acid  is  already  known.  The  rabbit,  in  con- 
trast  to  the  guinea  pig,  does  not  develop  scurvy  when  on  a  diet  deficient  in  vitamin 
C  because  apparently  it  is  able  to  synthesize  sufficient  cevitamic  acid  within  the 
body.  Second,  it  is  possible  that  the  different  experimental  conditions  account  for 
the  observed  difference.  It  is  possible,  and  not  excluded  by  these  experiments,  that 
the  high  titer  of  complement  in  the  thyrotoxic  rabbit  could  not  have  been  reached 
had  not  the  intake  of  cevitamic  acid  been  hberal  in  amount.  Had  the  diet  been 
scorbutogenic,  the  rise  in  complement  might  not  have  occurred. 

_ ^  SUMMARY 

The  complement  concentration  of  blood  serum  falls  in  the  thyroidectomized 
rabbit  even  though  the  cevitamic  acid  level  is  maintained  within  normal  limits. 
The  rise  in  complement  concentration  in  the  rabbit  made  thyrotoxic  occurs  in  spite 
of  an  almost  complete  disappearance  of  cevitamic  acid  from  the  blood.  The  contrast 
between  this  observed  independence  of  the  levels  *of  the  two  substances  in  the 
blood  serum  in  the  rabbit  and  the  reported  dependence  in  the  guinea  pig  is  dis' 
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cussed.  It  is  concluded  that  the  changes  in  complement  concentration  accompanying 
changes  in  thyroid  activity  in  the  rabbit  are  independent  of  the  cevitamic  acid 
level  of  the  blood. 
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A  LTHOUGH  EVANS  ET  AL.  (i)  and  Hcllbaum  (a)  reported  the  separation  of  mare 
serum  into  follicle  stimulating  (FSH)  and  luteinizing  (LH)  fractions,  critical 
-L  ^  confirmatory  studies  are  still  lacking.  Our  inability  to  confirm  these  findings 
(3)  led  us  to  adopt  a  new  approach  to  the  problem;  that  is,  instead  of  attempting 
to  fractionate  two  types  of  gonadotropic  hormones  we  endeavored  to  fractionate 
gonadotropic  hormone  from  the  inert  material  in  mare  serum.  Using  the  method 
of  purification  proposed  by  Cartland  and  Nelson  (4)  together  with  an  isoelectric 
precipitation  procedure  of  our  own,  we  succeeded  in  preparing  extracts  testing 
4000  to  7000  R.u.  per  mg.  total  solids  (5).  In  the  original  serum  there  were  approxi' 
mately  2  to  4  r.u.  per  mg.  total  solids  (the  serum  assayed  200  to  400  r.u.  per  cc.) 
as  compared  to  7000  r.u.  per  mg.  in  the  best  purified  material. 

This  paper  is  concerned,  therefore,  with  a  study  of  the  response  of  these  purified 
extracts  in  normal  and  hypophysectomized  female  and  in  normal  male  rats  as  com¬ 
pared  to  the  response  to  untreated  serum.  The  extracts  used  all  assayed  between 
3000  and  4000  R.u.  per  mg.  total  solids  at  the  time  these  experiments  were  run. 
Extract  17-76-4  originally  tested  6000  R.u.  per  mg.  total  solids  and  15-111-1  was 
prepared  from  extracts  originally  testing  6000  r.u.  per  mg.  total  solids.  This  loss  in 
activity  of  these  purified  preparations  upon  standing  definitely  occurs  in  those  kept 
as  solutions  and  possibly  in  those  kept  as  powders.  A  preliminary  report  (6)  indicated 
that  we  were  unable  to  distinguish  between  serum  and  extract  responses  but  a  more 
critical’ comparison  appeared  desirable  for  it  is  likely  that,  if  mare  serum  contains 
two  or  more  gonadotropic  hormones,  some  fractionation  would  be  effected  in  the 
purification  process.  A  quantitative  comparison  in  the  various  test  animals  should 
readily  show  evidence  of  fractionation  had  it  occurred. 

In  arriving  at  a  basis  for  comparison,  both  the  extracts  and  the  serum  were  assayed 
according  to  the  method  of  Cole,  Guilbert  and  Goss  (7),  which  consists  of  injecting 
decreasing  levels  of  the  material  to  be  tested  into  25 -day -old  normal  female  rats 
until  the  lowest  level  is  found  which  will  produce  an  average  of  3  corpora  lutea  or 
ripe  follicles  per  rat.  This  amount  we  have  designated  as  one  rat  unit.  The  material 
is  given  in  a  single  dose  and  the  rats  are  killed  5  days  after  the  injection.  The  results 
of  the  assays  are  expressed  in  terms  of  this  rat  unit.  According  to  our  present  tests 
it  takes  2  i.u.,  500  7  of  International  Standard,  to  produce  an  average  of  3  corpora 
or  ripe  follicles.  If  further  tests  confirm  this,  our  rat  unit  is  equivalent  to  two  i.u. 

Thus,  as  both  extracts  and  untreated  serum  were  assayed  in  normal  immature 
female  rats,  if  a  given  number  of  r.u.  of  untreated  serum  proved  to  be  more  effective 
in  developing  the  interstitial  tissue  of  the  hypophysectomized  male  than  an  equal 
number  of  r.u.  of  an  extract,  one  might  assume  that  LH  (or  ICSH)  had  been  lost 
in  the  preparation  of  the  extract.  The  fact  that  similar  results  were  obtained  in 
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normal  females  could  be  explained  by  assuming  that  the  test  animal's  pituitary 
secreted  LH  and  therefore  gave  a  false  value  for  the  extract  but  not  for  the  serum 
inasmuch  as  the  serum  already  suppUed  optimal  amounts  of  LH. 

Comparison  of  the  ovarian  weight  and  qualitative  response  in  hypophysectomized 
and  Twrmal  female  rats  to  extracts  and  untreated  serum.  Normal  immature  females 
were  injected  on  3  consecutive  days  beginning  on  the  25th  day  and  killed  on  the 
30th  day  of  age.  For  the  hypophysectomized  group,  the  operation  was  performed  on 
the  23rd  day  and  injections  on  3  consecutive  days  were  begun  on  the  30th  day  of  age 
with  necropsy  5  days  after  the  initial  injection.  The  ovaries  of  all  animals  were 
examined  for  large  follicles  and  corpora  with  a  dissecting  microscope,  weighed, 
fixed  and  sectioned.  The  observations  made  at  necropsy  were  checked  by  micro- 
scopic  study.  The  ovarian  weights  are  shown  in  table  i.  The  weight  response  in 

Table  i.  Response  to  purified  extracts,  17-76-4  and  15-19-2,  and  untreated  serum  (Serum  25) 

IN  HYPOPHYSECTOMIZED  AND  NORMAL  IMMATURE  RATS.  ThREE  DAILY  INTRAPERITONEAL  INJECTIONS  WERE 
MADE  WITH  AUTOPSY  5  DAYS  AFTER  THE  INITIAL  INJECTION.  ThE  NUMBER  OF  RATS  USED  IS  INDICATED  BY 
THE  FIGURES  IN  PARENTHESES. 


Dose 

Ovarian  w 

eight  of  hypophysectomized 
rats  treated  with 

Ovarian  weight  of  normal  immature 
rats  treated  with 

17-76-4 

15-19-2 

Serum  25 

17-76-4 

Serum  25 

R.U. 

mg. 

mg. 

mg. 

mg. 

mg. 

Controls 

7-i  (i) 

20.0  (6) 

1 

9-7  (1) 

19.0  (6) 

4 

9  i  (j) 

11.3(3) 

20.5  (j) 

28.  j  (6) 

11 

51  (j) 

67  (2) 

33  (3) 

53  (6) 

14 

61  (j) 

37  (1) 

105  (3) 

1 17  (6) 

30 

117  (4) 

116  (5) 

97  (4) 

84  (4) 

J6 

62  (3) 

63  (3) 

137  (3) 

124  (6) 

60 

lOI  (5) 

Ill  (3) 

107  (4) 

152  (4) 

110 

85  (4) 

no  (4) 

156  (4) 

normal  and  hypophysectomized  females  gives  no  evidence,  certainly,  that  the  effect 
of  the  untreated  serum  differs  from  that  of  the  extracts.  According  to  Fevold’s  work 
on  the  pituitary  (8)  if  LH  had  been  removed  in  the  extraction  process  one  might 
expect  the  ovarian  response  of  the  extracts  to  be  more  limited  at  the  higher  levels 
in  hypophysectomized  females  than  that  of  untreated  serum  because  of  the  lack  of 
LH  secretion. 

We  are  likewise  unable  to  distinguish  the  qualitative  response  of  normal  and 
hypophysectomized  female  rats  to  the  extracts  from  that  of  untreated  serum.  The 
response  of  normal  immature  female  rats  to  untreated  serum  has  been  adequately 
described  in  other  papers  (9,  10,  ii)  and  thus  need  not  be  considered  further.  The 
description  to  follow  of  the  ovarian  response  in  hypophysectomized  females  is 
equally  applicable  to  those  receiving  either  untreated  serum  or  purified  extracts. 

Comparisons  were  not  made  with  rats  receiving  less  than  4  r.u.  though  the 
injection  of  i  r.u.  of  serum  25  showed  that  there  had  been  a  clear  cut  effect  upon 
the  interstitial  tissue.  Rats  receiving  4  r.u.  showed  marked  development  of  the 
interstitial  tissue^  but  the  follicles  were  not  noticeably  affected  (figs.  2,  3).  The 
vaginas  of  all  animals  receiving  4  r.u.  were  closed  and  the  uteri  were  infantile. 
Had  this  been  the  only  level  of  hormone  administered  one  would  reason  that  a 
pure  ICSH  was  being  used.  Extracts  having  very  little  gonadotropic  activity  might 
show,  therefore,  an  ICSH  response  with  no  folUcular  development.  This  fact  may 

‘  By  the  term  “interstitial  tissue”  we  refer  to  the  theca  of  normal  and  atretic  follicles  as  well  as  to 
the  interfollicular  tissue  having  no  apparent  relationship  to  follicles. 
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possibly  explain  some  reports  on  the  existence  of  a  separate  ICSH  factor  in  mare 
serum. 

Doses  larger  than  4  r.u.  revealed  quite  a  different  picture.  The  ovaries  of  rats 
receiving  12  r.u.  had  many  large  follicles  (figs.  4,  5).  A  few  corpora  were  occasionally 
present.  The  interstitial  tissue  was  markedly  affected  though  less  conspicuous  be- 
cause  of  the  great  follicular  development.  The  vaginal  smears  and  uteri  were  estrous 
in  type  for  all  animals  receiving  12  r.u.  or  more.  An  evaluation  of  the  response  at 
this  12  R.u.  level  alone  would  lead  to  the  conclusion  that  the  material  injected  con- 
sisted  largely  of  FSH.  We  stress  this  point  because  it  indicates  the  importance  of 
injecting  equivalent  amounts  of  preparations  to  be  compared  and  also  because  it 
illustrates  the  importance  of  determining  the  response  over  a  considerable  range. 
With  doses  larger  than  12  r.u.  there  is  an  increase  in  the  amount  of  luteinization 
(fig.  6)  though  in  most  instances  follicular  development  is  still  the  conspicuous 
feature. 

These  different  types  of  responses  at  different  dosage  levels  in  the  hypophysec' 
tomized  female  are  particularly  interesting  because  the  possibility  of  the  test  ani' 
mal’s  own  pituitary  participating  in  the  response  is  ruled  out.  These  results  emphasize 
the  fact  that  factors  other  than  FSH  and  LH  are  important  in  determining  whether 
interstitial  cell  development,  follicular  growth  or  luteinization  is  produced.  The 
variable  under  consideration  is  dosage  but  the  condition  of  the  ovary  at  the  time  of 
treatment  is  probably  equally  important.  For  instance,  rats  injected  with  equine 
gonadotropin  on  the  loth  day  of  age  give  a  strong  interstitial  cell  response  and  no 
follicular  growth  (ii)  and  a  similar  type  of  response  occurs  normally  in  fetal  horse 
gonads  because  of  leakage  of  gonadotropin  into  the  fetal  circulation  (12).  Also  it 
may  be  that  the  greater  luteinization  observed  in  normal  immature  rats  as  compared 
to  hypophysectomized  females  is  due  to  the  fact  that  the  ovary  of  the  normal  animal 
is  in  a  more  advanced  stage  of  development  rather  than  to  the  presence  of  LH  in 
the  blood  of  the  normal  animal. 

Will  purified  extracts  produce  superovulation  resulting  in  superfecundity?  To  check 
this  point  53  rats  approaching  sexual  maturity  (30  to  35  days  of  age  at  injection) 
were  injected  with  varying  amounts  of  extract  1 5-19-2  and  placed  with  males  48 
hours  later.  Twenty -seven  of  these  females  mated.  These  bred  rats  were  subse¬ 
quently  examined  on  the  12th  day  of  pregnancy.  Fifteen  of  the  18  receiving  12 
R.u.  were  pregnant  and  had  an  average  of  16.7  fetuses  per  rat.  Nine  of  the  15  had  17 
or  more  fetuses  and  two  had  28  and  29  fetuses  respectively.  These  results  are  entirely 
in  accord  with  those  previously  obtained  with  untreated  mare  serum  (13). 

Comparison  of  the  response  of  serum  and  purified  extracts  in  normal  immature 
male  rats.  As  previously  mentioned,  the  potency  of  both  the  serum  and  of  the 
extracts  was  determined  in  normal  immature  female  rats.  The  relative  effectiveness 
of  pituitary  extracts  in  the  male  and  female  has  frequently  been  used  in  determining 
the  relative  amounts  of  FSH  and  LH  present.  For  example,  Fevold  (14)  states, 
“  .  .  .  the  ovarian  response  is  governed  largely  by  the  amounts  of  FSH  while  the 
seminal  vesicle  response  is  determined  largely  by  the  LH  ...”  Thus  it  is  clear  that 
any  discrepancy  between  the  male  and  female  effective  dose  of  an  extract  as  compared 
to  an  untreated  serum  would  indicate  that  the  extraction  process  had  resulted  in  a 
loss  of  one  or  the  other  of  the  two  hormones. 

The  effects  of  2  extracts  and  of  one  serum  on  male  rats  are  shown  in  table  2. 
The  seminal  vesicle  response  of  similar  amounts  of  hormone,  as  determined  in  female 
rats,  is  almost  identical  for  the  serum  and  extracts.  The  seminal  vesicle  weight  of 
8  control  animals  was  7.8  mg.  and  thus  it  is  evident  that  4  r.u.  had  a  pronounced 
effect.  It  would  appear  that  the  testes  response  is  less  pronounced  with  untreated 
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The  photomicrographs  are  all  of  ovaries  of  rats  hypophysectomized  on  the  ijrd  day  of  age.  Except 
in  instance  of  control,  j  daily  intraperitoneal  injections  were  given  beginning  on  the  joth  day  with 
necropsy  on  the  j5th  day  of  age.  Fig.  i.  Hypophysectomized  control.  Rat  V6.  Fig.  i.  Treatment  with 
TOTAL  OF  4  R.u.  OF  seruwi  25.  Note  increased  interstitial  cell  development  as  compared  to  control  in 
figure  I.  Rat  G4269C.  Fig.  j.  Treatment  with  total  of  4  r.u.  of  extract  17-76 -4.  Compare  with  figure 
1  and  note  that  character  of  response  is  similar  to  that  obtained  with  untreated  serum.  Rat  G4255C. 
Fig.  4.  Treatment  with  total  of  11  r.u.  of  serum  25.  Rat  G4284C.  Fig.  5.  Treatment  with  total 
OF  12  R.u.  OF  EXTRACT  Compare  with  figure  4.  Rat  G4263C.  Fig.  6.  Treatment  with  total 

OF  JO  R.u.  OF  extract  15-19-2.  This  shows  that  a  greater  amount  of  luteinization  is  obtained  at  higher 
dosage  levels.  Rat  BH9189C.  Figs.  7,  8.  Higher  magnifications  of  areas  from  same  ovaries  shown 

IN  FIGURES  I  AND  2  RESPECTIVELY.  (FigS.  1-6,  X  16.5,  figS.  7,  8,  X82.) 


serum  but  testes  weights  are  highly  variable  and  calculations  of  the  standard  error 
of  the  difference  between  the  mean  testes  weights  of  rats  receiving  30  r.u.  of  extract 
17-76-4  as  compared  to  30  r.  u.  of  serum  25  shows  that  the  difference  (455  mg. 
as  compared  to  347  mg.)  might  occur  by  chance  i  time  in  5. 

There  is  no  evidence,  therefore,  that  the  male  and  female  effective  dose  of 
purified  extracts  differs  from  that  of  untreated  serum.  It  might  be  argued  that  these 
results  are  not  critical,  inasmuch  as  they  were  obtained  with  normal  rather  than 
hypophysectomized  males.  We  have  shown  elsewhere  (1),  however,  that  untreated 
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Table  2.  Comparison  of  purified  extracts,  17-76-4  and  15-111-1,  to  an  untreated  serum, 
(Serum  25)  in  normal  immature  male  rats.  The  rats  were  given  a  single  injection  on  the  24TH  or 

25TH  DAY  OF  AGE  WITH  AUTOPSY  5  DAYS  AFTER  THE  INJECTION.  EaCH  FIGURE  REPRESENTS  THE  AVERAGE  OF 
5  ANIMALS.  The  WEIGHTS  OF  THE  SEMINAL  VESICLES  DO  NOT  INCLUDE  THE  COAGULATORY  GLANDS. 


Dose 

17-76-4  1 

Serum  25 

15-111-1 

Seminal  ’ 
vesicles 

Testes 

Seminal  ! 
vesicles 

Testes 

Seminal 

vesicles 

Testes 

R.U. 

1  ”»g. 

mg. 

mg- 

mg. 

mg. 

mg. 

4 

iji 

375 

15-0 

351 

16.0 

392 

JO 

J3-6 

455 

13-9 

347 

30.2 

458 

64 

35.8 

534 

serum  and  these  extracts  likewise  have  a  pronounced  effect  upon  the  testes  and 
sex  accessories  of  the  hypophysectomized  male.  Both  the  interstitial  and  germinal 
tissue  of  the  testes  of  hypophysectomized  male  rats  are  repaired. 

DISCUSSION 

Quantitative  and  qualitative  comparison  of  purified  extracts  and  untreated  serum 
in  normal  and  hypophysectomized  female  rats  and  in  normal  immature  male  rats 
does  not  reveal  any  distinguishing  features.  These  extracts  are  considerably  more 
potent  per  mg.  total  solids  than  those  of  pituitary  origin,  recently  reported  by  Creep, 
van  Dyke  and  Chow  (15)  and  probably  within  the  same  range  of  potency  as  those 
reported  by  Curin,  Bachman  and  Wilson  (16)  from  pregnancy  urine.  These  findings 
indicate,  therefore,  either  that  a  high  degree  of  purity  can  be  obtained  without  dis' 
turbing  the  FSHTH  ratio  in  mare  serum  or  that  the  gonadotropic  activity  of  mare 
serum  is  dependent  upon  a  single  hormone.  We  conclude  that  the  latter  explanation 
is  correct  not  only  on  the  basis  of  these  findings  but  also  upon  previously  published 
work.  One  of  us  in  conjunction  with  others  (17,  18)  published  two  papers  which 
we  believed  furnished  evidence  for  two  hormones  in  mare  serum  but  later  work  (3) 
indicated  that  the  second  fraction,  which  was  inactive  by  itself  but  had  the  capacity 
to  augment  certain  pituitary  extracts,  consisted  of  inert  serum  proteins  inasmuch  as 
casein  and  egg  albumen  had  similar  properties.  Saunders  and  Cole  (3)  pointed  out 
that  highly  potent  extracts  have  been  prepared  by  widely  divergent  methods  and 
yet  no  good  evidence  exists  to  show  that  the  biological  properties  of  these  extracts 
differs  from  that  of  untreated  serum. 

In  line  with  the  conclusion  that  a  single  gonadotropin  exists  in  pregnant  mare 
serum  we  suggest  for  it  the  term  “equine  gonadotropin.”  This  terminology  is  in 
accord  with  the  agreement  on  nomenclature  at  the  Third  International  Conference 
on  the  Standardization  of  Hormones  (19).  Initial  studies  (20)  indicate  that  the 
gonadotropin  in  the  blood  of  nonpregnant  mares  is  identical  to  the  pregnant  mare 
serum  hormone.  If  this  proves  to  be  correct  the  term  is  sufficiently  general  to  include 
it.  Justification  for  a  specific  term  to  designate  the  gonadotropin  in  mare  serum  is 
based  on  the  fact  that  it  differs  in  some  respects  from  all  other  reported  gonadotropins. 

SUMMARY 

The  response  of  normal  and  hypophysectomized  female  rats  and  normal  immature 
male  rats  to  extracts  of  mare  serum  more  highly  purified  than  any  hitherto  reported 
(3000  to  4000  R.u.  per  mg.  total  solids)  has  been  compared  quantitatively  and 
qualitatively  to  the  response  to  untreated  serum. 

The  gonadotropic  response  to  the  extracts  could  not  be  distinguished  from  that 
of  untreated  serum  by  any  of  the  following  comparisons. 
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(d)  The  effect  of  increasing  dosages  in  normal  and  hypophysectomized  female  rats. 
In  hypophysectomized  females  4  r.u.  produced  interstitial  cell  repair  with  no 
apparent  effect  either  upon  the  follicles  or  indirectly  upon  the  vagina  and  uterus; 
12  R.u.  produced  interstitial  cell  repair,  follicular  development  with  some  luteiniza- 
tion  and  estrous  changes  in  the  vagina  and  uterus;  still  larger  amounts  resulted  in 
more  luteinization. 

(b)  The  capacity  to  produce  superovulation  resulting  in  superfecundity  in  im' 
mature  rats  approaching  sexual  maturity. 

(c)  The  effects  of  comparable  amounts  of  hormone,  as  determined  in  the  normal 
immature  females,  on  the  sex  organs  of  immature  male  rats. 

We  conclude  that  the  gonadotropic  activity  of  mare  serum  (exclusive  of  the 
augmenting  effect  of  serum  proteins  on  pituitary  extracts)  is  dependent,  not  upon 
a  mixture  of  FSH  and  LH,  but  upon  a  single  gonadotropin. 

The  term  “equine  gonadotropin”  is  suggested  for  the  gonadotropin  in  mare 
serum. 
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NON'SPECIFIC  AUGMENTATION  WITH  A  HIGHLY  PURL 
FIED  FOLLICLE  STIMULATING  HORMONE  FRACTION 

(EVANS) 

FRITZ  BISCHOFF 

From  the  Chemical  Laboratory,  Santa  Barbara  Cottage  Hospital  Research  Institute 

SANTA  BARBARA,  CALIFORNIA 

IT  IS  NOW  well  established  (i)  that  zinc  and  copper  and  a  number  of  other  sub' 
stances  which  show  no  gonad  stimulating  activity  when  given  alone,  will  en' 
hance  the  response  of  hypophyseal  gonadotropic  preparations  when  injected 
in  conjunction  with  them.  This  phenomenon  has  generally  been  attributed  to  a 
decrease  in  rate  of  resorption  of  the  active  material,  either  because  of  the  formation 
of  an  insoluble  compound  (2)  or  to  the  development  of  an  inflammatory  process  (3). 
Divided  dosage  of  the  preparation  without  the  addition  of  inert  substances  produces 
the  same  effect. 

Recently  Evans  et  al.  (4)  have  reported  that  a  highly  purified  follicle  stimulating  hormone 
fraction  prepared  in  their  laboratory  did  not  respond  to  the  augmentation  phenomenon  in  nor- 
mal  or  hypophysectomized  immature  rats,  but  that  the  interstitial  cell  stimulating  hormone 
fraction  did  show  an  increased  response  with  the  addition  of  zinc  sulfate.  They  have  sug' 
gested  that  the  enhanced  response  shown  by  unfractionated  pituitary  gonadotropic  prepara' 
tions  when  administered  with  inert  substances  might  be  attributed  to  the  interstitial  cell 
stimulating  hormone  fraction.  Contrary  to  this  report,  Fevold  et  al.  (5)  had  found  that  zinc 
produced  the  augmentation  phenomenon  with  follicle  stimulating  hormone  fractions.  We 
have  been  able  to  produce  augmentation  with  all  gonadotropic  extracts  of  pituitary  origin 
tested,  whatever  their  degree  of  purification,  and  whether  prepared  according  to  the  methods 
of  Evans  et  al.  or  Fevold  et  al. 

The  results  of  Evans  et  al.  are  obviously  a  direct  challenge  to  the  theory  of  single  versus 
multiple  gonadotropic  pituitary  hormones.  The  results  mean  either  a  clear  cut  separation  of 
two  hormones  has  finally  been  attained  (the  follicle  stimulating  hormone  not  lending  itself 
to  non'specific  augmentation)  or  that  by  their  experimental  technic  in  the  assay  Evans  et  al. 
have  failed  to  attain  delayed  resorption  (an  insoluble  compound). 

At  our  suggestion.  Dr.  Evans  has  very  kindly  supplied  us  with  a  sample  of  his 
highly  purified  follicle  stimulating  hormone  and  the  following  report  is  concerned 
with  our  studies  in  producing  the  augmentation  and  antagonist  effects  with  this 
hormone,  and  again  describing  the  conditions  under  which  an  insoluble  combination, 
which  is  the  crux  for  success  of  non'specific  augmentation,  is  obtained.  It  may  be 
stated  categorically  that  the  mere  presence  of  zinc  or  copper  does  not  assure  delayed 
resorption  and  an  experiment  which  definitely  proves  this  point  has  been  included. 

EXPERIMENTAL 

Influence  of  the  state  of  the  zinc  and  gonadotropic  hormone.  In  the  following  experi' 
ments  a  comparison  is  made  between  the  physiologic  action  of  two  solutions  which 
contain  identical  amounts  of  zinc  and  hormone  and  are  adjusted  to  exactly  the  same 
pH.  Moreover,  the  zinc  is  in  the  same  chemical  state  in  each  solution.  However,  in 
one  mixture  the  hormone  is  insoluble  (adsorbed),  in  the  other  it  is  soluble  (not 
adsorbed).  This  difference  depends  on  the  fact  that  the  hormone  is  not  adsorbed 
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from  solution  by  added  zinc  hydroxide,  but  is  adsorbed  when  zinc  hydroxide  is 
precipitated  in  its  presence. 

Twenty  mg.  of  a  standard  unfractionated  pituitary  powder  was  dissolved  in 
5  cc.  H2O.  One  drop  of  1%  alcoholic  phenolphthalein  was  added  and  n/io  NaOH 
until  a  faint  pink  color  persisted.  The  resultant  solution  was  divided  into  2  aliquots. 
To  one  was  added  10  mg.  of  Zn  as  freshly  prepared  Zn(OH)2  (pn  8.5)  (preparation 
A).  To  the  other  was  added  10  mg.  Zn  as  the  sulfate  and  n/io  NaOH  until  a  faint 
pink  color  persisted  and  the  volume  taken  to  10  cc.  (preparation  C).  The  first  prepara- 
tion,  after  its  dilution  to  10  cc.  volume,  was  again  divided  into  2  aliquots.  One  was 
kept  for  assay.  The  other  aliquot  was  centrifuged.  The  precipitate  was  discarded. 
To  the  filtrate  was  added  5  mg.  of  Zn  as  ZnS04,  and  the  pn  adjusted  to  8.5  (faint 
pink)  (preparation  B).  Each  preparation  was  administered  to  4  22'day'old  rats  in  a 
total  dose  equivalent  to  i  mg.  of  the  original  powder  per  rat,  given  in  4  single  daily 
injections.  Litter  mates  were  used  to  minimize  the  influence  of  normal  variation.  The 
results  follow. 


Ave. 

Preparation 

ovarian 

weight 

A.  Zn(OH)2  added 

27 

B.  Filtrate  of  preparation  to  which  Zn(OH)2 

was  added,  then  treated  as  C 

53 

C.  ZnS04  added  and  then  precipitated  as 

Zn(OH)2 

61 

The  zinc  concentration  and  the  pn  being  the  same,  the  only  factor  entering  into 
consideration  is  that  of  resorption.  The  results  show  that  the  gonadotropic  hormone 
is  not  adsorbed  (does  not  form  an  insoluble  compound)  when  the  zinc  is  added  as 
the  hydroxide  (preparation  A),  the  activity  being  found  in  the  filtrate  (preparation 
B).  On  the  other  hand  when  the  zinc  is  added  in  a  soluble  form  and  precipitated  as 
the  hydroxide  in  the  presence  of  the  hormone,  the  hormone  is  removed  from  solution 
(preparation  C).  This  solubility  relation  we  had  previously  demonstrated  (2).  Since 
the  zinc  was  administered  in  the  same  amounts  and  the  same  concentration,  the  pres' 
ent  experiments  should  dispel  the  idea  that  the  zinc  is  functioning  by  inhibiting  en- 
zyme  destruction  of  the  hormone,  or  by  causing  necrosis.  The  preparation  which 
had  the  hormone  in  insoluble  form  produced  the  large  ovaries,  the  presence  of  zinc 
being  incidental. 

Experiment  with  highly  purified  follicle  stimulating  hormone.  Since  only  7  mg.  of 
this  highly  potent  material  B  IV  F  20  B  was  available  and  its  stability  in  aqueous 
solution  was  not  known,  i  to  2  mg.  samples  were  weighed  and  put  into  solution  just 
prior  to  each  experiment.  The  total  dose  per  rat  in  all  experiments  was  0.05  mg.  or 
o.io  mg.  (within  the  error  of  weighing  1  to  2  mg.  on  the  ordinary  analytical  balance). 
In  each  experiment  a  comparison  between  litter  mates  was  used  to  minimize  the  nat' 
ural  variation  to  response,  and  such  a  comparison  was  made  between  aliquots  of  the 
same  sample.  Dosage  was  made  once  daily  for  4  days  beginning  the  22nd  to  23rd 
day  of  life.  The  untreated  material  was  diluted  to  volume  with  normal  saline  so  that 
I  cc.  contained  0.05  mg.  or  o.io  mg.  hormone.  When  copper  was  used  to  delay  resorp¬ 
tion,  5  mg.  of  copper  as  copper  sulfate  in  0.5  cc.  volume  was  added  to  0.5  mg.  or  i.o 
mg.  hormone  dissolved  in  2  cc.  water,  ^4  drop  of  1%  alcoholic  phenolphthalein  was 
then  added,  and  n/io  NaOH  until  a  faint  pink  color  persisted.  Normal  saline  was 
added  to  take  the  volume  to  10  cc.  In  Experiment  III,  in  which  a  comparison  is  made 
between  the  action  of  copper  and  zinc,  the  zinc  preparation  was  made  by  a  strictly 
analogous  procedure. 
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The  results  show  that  in  22  to  23'day'old  immature  female  rats,  0.05  mg.  hormone 
per  rat  produces  roughly  a  50%  increase  in  ovarian  weight,  o.io  mg.  produces 
roughly  a  100%  increase  in  ovarian  weight.  When  the  same  amount  of  hormone 
was  administered  as  an  insoluble  anc  or  copper  combination,  the  augmentation  in 
ovarian  weight  above  the  increase  produced  by  the  untreated  hormone  amounted 
to  150  to  550%.  There  can  be  no  question,  therefore,  about  the  possibility  of  pro- 
ducing  augmentation  with  the  purified  hormone.  In  Experiment  II,  it  is  also  demon- 
strated  that  when  0.05  mg.  of  untreated  hormone  is  given  intraperitoneally  with  a 
simultaneous  injection  of  0.05  mg.  material  given  subcutaneously  as  the  copper 
combination,  the  antagonist  effect  is  clearly  demonstrated  as  the  augmentation  phe¬ 
nomenon  is  abolished.  In  Experiment  IV,  it  is  clearly  shown  that  in  our  zinc  prepara- 


Table  I.  The  production  of  augmentation  (non-specific)  and  antagonism  by  a 

HIGHLY  PURIFIED  FOLLICLE  STIMULATING  HORMONE  FRACTION 


Exp. 

No. 

Material  injected,  total  dose  per 
rat  in  a  volume  of  i  cc.,  0.15  cc. 
per  day,  4  days 

Injection 

route 

Mean  ovarian 
weight 

Presence  of 
corpora 
lutea 

No.  of  rats 
used 

mg. 

I 

None 

I4±  1. 1 

— 

6 

Untreated,  0.05  mg. 

S 

1S±  1-3 

— 

6 

0.05  mg. +0.5  mg.  Cu,  pH  8.0 

S 

7J+I1-3 

-f 

6 

II 

Untreated  0.05  mg. 

S 

21+  1.3 

9 

0.05  mg.+o.5  mg.  Cu,  pn  8.0 

S 

36±  2.3 

+ 

9 

fo.05  mg.+o.5  mg.  Cu,  pn  8.0 
\Untreated  o.o^  mg. 

S 

I 

23±  1.2 

+ 

9 

III 

Untreated  0.05  mg. 

S 

ii±  1.6 

6 

o.oy  mg.+o.^  mg.  Cu,  pn  8.0 

S 

38±  1.5 

6 

0.05  mg.-j-o.y  mg.  Zn,  pn  8.0 

S 

33±  3-1 

6 

IV 

Untreated  0.10  mg. 

S 

26±  I.l 

+ 

6 

0.10  mg.+o.y  mg.  Cu,  pn  8.0 

S 

75±  10. 0 

+ 

6 

Zinc  precipitate  of  Exp.  Ill, 
diluted  to  volume  with  saline 

S 

32 

3 

S,  Subcutaneous. 
I,  Intraperitoneal. 


tion,  the  hormone  is  actually  precipitated  as  an  insoluble  compound,  for  the  zinc 
precipitate,  separated  from  the  supernatant  fluid,  retains  the  active  material.  Well 
defined  corpora  lutea  were  found  in  i  out  of  3  ovaries  of  the  rats  which  had  received 
the  hormone  in  insoluble  form,  also  in  the  antagonist  experiment  and  in  the  experi¬ 
ment  in  which  the  soluble  hormone  was  given  in  o.i  mg.  dose.  In  5  rats,  ovarian 
weights  exceeding  90  mg.  were  obtained. 

DISCUSSION 

In  another  paper  (6),  we  have  discussed  the  arguments  for  and  against  the 
multiple  hormone  theory  of  pituitary  gonadotropic  hormones.  The  present  study 
shows  that  a  highly  purified  so-called  follicle  stimulating  hormone  preparation  lends 
itself  to  the  augmentation  phenomenon,  produces  luteinization,  and  shows  an¬ 
tagonism.  It,  therefore,  manifests  3  properties  which  the  protagonists  for  the 
multiple  hormone  theory  regard  as  characteristic  of  another  hormone,  the  interstitial 
cell  stimulating  hormone.  If,  as  the  protagonists  of  the  multiple  hormone  theory  will 
say,  these  effects  are  produced  by  contamination  with  the  interstitial  cell  stimulating 
hormone,  then  there  should  be  a  relatively  greater  span  in  the  case  of  the  purified 
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hormone  between  the  minimum  effective  dose  (follicle  stimulating)  and  the  dose 
which  produces  the  effects  attributed  to  another  hormone.  In  our  experience  this  is 
not  the  case.  A  very  crude  gonadotropic  extract,  prepared  simply  by  NaHCOa 
extraction  and  alcohol  precipitation,  will  produce  follicle  stimulation  under  con¬ 
ditions  assuring  maximum  response  with  ovarian  weights  up  to  35  mg.  When  larger 
ovaries  are  produced,  luteinization  occurs,  as  it  does  in  the  case  of  the  purified 
hormone.  Moreover,  the  antagonist  effect  manifested  by  either  preparation  is  pro¬ 
duced  by  minimal  amounts  of  the  hormone.  Notwithstanding  the  high  degree  of 
purity  attained  for  the  purified  product,  the  same  solubility  relations  (and  therefore 
augmentation)  hold  as  for  the  crude  hormone. 

As  a  result  of  the  foregoing  observations,  it  is  concluded  that  until  a  follicle 
stimulating  hormone  fraction  is  prepared  which  does  not  produce  augmentation 
(non-specific),  luteinization  and  antagonism,  it  is  unwarranted  to  ascribe  these 
properties  to  another  hormone.  It  would  appear  that  in  spite  of  all  efforts  at  frac¬ 
tionation,  multiple  effects  are  still  produced  by  the  most  highly  purified  follicle 
stimulating  hormone  fraction. 

SUMMARY 

An  unfractionated  pituitary  gonadotropic  hormone  preparation  was  not  ap¬ 
preciably  adsorbed  by  added  Zn(OH)2  and  did  not  manifest  non-specific  augmenta¬ 
tion  in  the  presence  of  such  added  Zn(OH)2.  The  hormone  is  quantitatively 
precipitated  by  first  adding  the  zinc  as  the  sulfate  and  then  precipitating  the  zinc 
as  hydroxide.  Under  these  conditions  marked  non-specific  augmentation  is  produced. 

A  highly  purified  follicle  stimulating  hormone  fraction,  prepared  in  the  labora¬ 
tory  of  H.  M.  Evans,  produced  augmentation  (150  to  550%)  when  administered 
with  zinc  or  copper  under  described  conditions. 

This  follicle  stimulating  hormone  preparation  when  given  intraperitoneally  with 
a  simultaneous  subcutaneous  injection  of  the  same  preparation  in  copper  combina¬ 
tion,  gave  rise  to  the  antagonist  phenomenon,  viz.,  the  preparation,  by  a  rapid  resorp¬ 
tion  rate,  was  able  to  antagonize  its  own  influence  when  acting  under  a  delayed 
resorption  rate. 

In  spite  of  all  efforts  at  purification,  the  multiple  hormone  effects  can  still  be 
produced  by  the  so-called  follicle  stimulating  hormone  fraction. 

We  are  indebted  to  Miss  Georgena  J.  Clarke  for  the  preparation  of  material  used  for  histologic 
examination. 
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ADDENDUM 

Since  this  manuscript  has  gone  to  press  there  has  appeared  a  paper  by  Evans,  Hines,  Ceithaml,  and 
Koch  (Endocrinology  26:  1012.  1940)  on  the  comparative  study  of  the  augmentation  of  the  action  of 
gonadotropins  from  various  sources  in  the  rat,  mouse  and  chick.  While  confirming  the  work  of  numerous 
investigators  who  showed  that  zinc  and  copper  salts  augment  pituitary  gonadotropic  extracts  in  the 
assay  based  upon  the  immature  rat  ovary,  these  authors  report,  however,  that  these  agents  have  little 
if  any  effect  upon  the  mouse  and  chick  ovary  and  suggest  that  the  mechanism  may  not  be  entirely  ex¬ 
plained  by  a  delay  in  the  rate  of  resorption.  This  argument  they  consider  is  further  emphasized  by  the 
fact  that  the  agents  capable  of  delaying  the  rate  of  resorption  do  not  augment  other  gonadotropins  than 
pituitary  extracts. 
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With  these  observations  and  deductions,  we  are  not  in  entire  agreement.  The  Chicago  workers 
failed  to  administer  their  zinc  or  copper  suspension  in  a  combination  which  would  assure  maximum 
augmentation  (Bischoff:  Am.  J.  Physiol.  111:  765. 1938).  They  failed  to  note  our  observations  that  the 
gonadotropic  hormone  of  the  pituitary  is  not  precipitated  by  Cu  or  Zn  salts  at  an  acid  pH,  and  that 
in  the  subsequent  neutralization  which  occurs  at  their  injection  site  there  is  competition  for  the  metal 
between  the  hormone  and  the  body  proteins,  and  that  only  a  fraction  of  the  hormone  may  be  delayed 
as  resorbed.  Moreover,  they  failed  to  consider  that  divided  dosage  is  the  physiologic  equivalent  of 
delayed  resorption  and  any  discussion  concerning  non'specific  augmentation  of  gonadotropic  hormones 
must  be  based  on  the  observation  of  whether  or  not  the  effects  of  these  other  hormones  are  influenced 
by  divided  dosage. 

Using  an  insoluble  copper  combination  of  the  standard  unfractionated  pituitary  powder  described 
elsewhere  in  this  paper,  made  by  adding  copper  sulfate  to  the  solution  of  the  hormone  and  then  adjusting 
the  pH  to  8.y,  we  obtain  marked  augmentation  in  the  immature  laKfayold  mouse  as  in  the  rat.  Data  are 
for  5  or  6  groups  of  litter  mates. 


Total  dose  hormone  per 

Ovarian  weight  average 
in  mg. 

Mouse 

Rat 

Mouse  Rat 

Control  — 

Untreated  0.4  mg. 

Copper  combination  0 . 4  mg.+o .  2  mg.  Cu 

1.0  mg. 

i.o  mg.+o. 5  mg.  Cu 

2.5  12 

J-i  17 

9.2  81 

It  may  be  readily  shown  by  divided  dosage  that  whereas  the  pituitary  hormone  response  is  tre¬ 
mendously  influenced  by  divided  dosage,  prolan  resix>nse  is  Lttle  influenced.  Data  are  for  groups  of  4  and 
6  litter  mates. 

Ovarian  weight  average  in  mg. 

I  dose  per  day 

5  doses  (in  12  hr.) 
per  day 

Total  dose  per  rat  of  i  mg.  pituitary  hormone 
Total  dose  per  rat  of  7  u  prolan 

19 

JO 

J7 

The  evidence  so  far  submitted  indicates,  in  our  opinion,  that  the  action  of  copper  or  zinc  is  solely 
a  question  of  delayed  resorption. 
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Early  studies  on  the  gonad'Stimulating  ability  of  the  hypophysis  were  made 
by  various  workers  with  implants  of  fresh  pituitaries  of  cattle  into  immature 
test  animals.  Most  of  the  more  recent  work  has  been  done  on  pituitaries  from 
other  species.  As  studies  of  a  quantitative  nature  involving  injection  of  pituitary 
preparations  were  initiated,  it  has  appeared  that  bovine  pituitaries  are  not  nearly  as 
rich  in  gonadotropic  hormone  as  are  glands  of  sheep  and  horses. 

Evans  et  al.  (i)  stated  that  beef  anterior  pituitary  is  a  poor  source  of  gonad-stimulating 
hormone  when  it  is  implanted  intramuscularly  or  when  it  is  injected  in  the  form  of  an  extract. 
Wallen-Lawrence  and  Van  Dyke  (a)  estimated  that  cattle  glands  contain  less  than  i/io  the 
concentration  of  hebin  to  be  obtained  from  sheep  glands.  Hill  (3)  rated  the  gonadotropic  po¬ 
tency  of  cattle  pituitaries  as  being  1/14J  to  1/200  of  that  of  the  horse  and  1/62  to  i/iooth 
that  of  the  sheep.  Chance  et  al.  (4)  find  ‘ox’  pituitaries  to  be  i  /i  3  as  potent  as  sheep  and  i  /i6oth 
as  potent  as  horse  pituitaries. 

The  difficulty  of  obtaining  measurable  gonadotropic  responses  from  bovine  pituitaries 
appears  to  have  discouraged  attempts  to  analyze  the  variation  due  to  sex  classes  and  repro¬ 
ductive  states.  Evans  and  Simpson  (5)  and  Bacon  (6)  implanted  fresh  pituitary  tissue  of  cattle 
into  immature  rats  and  mice  and  using  qualitative  reactions  in  the  genital  tract  as  end-points, 
arrived  at  opposite  conclusions  regarding  the  relative  potency  of  pituitaries  from  pregnant 
and  non-pregnant  cows.  The  first  authors  found  that  pituitaries  from  pregnant  cows  were 
slightly  more  potent,  whereas,  Bacon  found  that  glands  from  non-pregnant  cows  were  richer 
in  gonad  stimulating  hormone. 

Bates  and  coworkers  (7)  attempted  a  quantitative  study  of  gonadotropic  hormones  of 
bovine  pituitaries,  using  extracts  of  composite  samples  of  the  glands  and  taking  as  an  end¬ 
point  the  percentage  increase  in  testis  weight  of  immature  male  ring  doves.  Their  data  indi¬ 
cated  that  glands  from  early  pregnancy  were  higher  in  FSH  content  than  those  from  late 
pregnancy.  Glands  from  non-pregnant  cows  were  less  potent  than  those  from  the  two  preg¬ 
nant  classes. 

Work  on  the  gonadotropic  content  of  pituitaries  from  other  species  is  more  abundant. 
Evans  and  Simpson  (5)  found  that  glands  from  pregnant  rats  are  slightly  more  potent  than 
those  from  non-pregnant  females.  Phillip  (8)  and  Erhardt  and  Mayes  (9)  agree  that  glands  of 
women  at  3  months  of  pregnancy  and  at  term  are  very  poor  in  gonadotropic  hormone.  Wolfe 
(10)  found  that  pituitaries  from  pregnant  sows  did  not  induce  ovulation  in  the  rabbit  as  readily 
as  did  glands  of  non-pregnant  animals.  He  suggested  that  the  pituitary  of  the  pregnant  sow 
might  undergo  cyclic  changes  in  hormonal  output.  Catchpole  and  Lyons  (ii)  and  Hellbaum 
(12)  studied  the  changes  in  the  gonadotropic  activity  of  pituitaries  from  pregnant  mares. 
While  they  agree  that  there  is  a  period  during  pregnancy  in  which  there  is  a  rise  in  potency 
and  a  subsequent  decrease,  yet  they  do  not  appear  to  agree  on  the  relationship  between  the 
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time  of  this  rise  and  fall  and  the  time  of  the  appearance  and  disappearance  of  gonadotropic 
substances  from  the  blood.  The  disagreement  in  results  may  be  due  partly  to  differences  in 
technics  used — Hellbaum  assayed  aqueous  suspensions  of  acetone  desiccated  pituitary  pow' 
der,  while  Catchpole  and  Lyons  worked  with  extracts  of  fresh  tissue.  Hill  (13)  observed  an 
initial  decline  in  the  ovulation-producing  ability  of  pituitaries  of  pregnant  rabbits  following 
ovulation  and  then  a  rise  beyond  the  estrual  level  near  the  middle  of  pregnancy.  Late  preg¬ 
nancy  showed  a  fall  to  a  point  below  that  of  estrual  rabbits. 

Certain  investigational  objectives  do  not  seem  to  be  attainable  with  the  assay 
methods  that  have  been  used  in  previous  studies  when  applied  to  the  gonadotropic 
potency  of  cattle  pituitaries;  (a)  determination  of  the  potency  of  individual  glands — 
whereby  glands  from  individuals  showing  normal  and  abnormal  function  may  be 
compared;  (b)  assay  of  the  pituitary  tissue  with  as  little  processing  and  attendant 
variations  in  loss  of  potency  as  possible;  (c)  use  of  a  true  quantitative  end-point  with 
which  the  error  in  bioassay  may  be  estimated  from  a  minimum  number  of  animals.  It 
has  appeared  desirable  to  reinvestigate  the  variations  in  potency  of  cattle  glands  using 
assay  methods  that  will  more  nearly  meet  these  objectives. 

MATERIAL 

Pituitaries  were  obtained  at  a  local  packing  house.*  Records  were  kept  of  the  ap¬ 
proximate  age  of  the  animals  (cow  or  heifer)  and  their  breed  (most  of  the  animals  had 


Table  i.  Stages  of  pregnancy  based  on  fetal  length 


Stage  of 
pregnancy 

I 

1 

3 

4 

1 

6 

7 

Length  of 
fetus  (cm.) 

0. 1-5.0 

5.I-IO.O 

10. 1- 10.0 

oo.i-ji.o 

Ji. 1-50.0 

50.1-70.0 

>70.0 

Estimated  days 
pregnant 

<61 

61-77 

78-108 

j  I09-I40 

I4I-I77 

178-111 

>111 

the  black  and  white  color  markings  of  the  Holstein-Friesian  breed).  As  no  breeding 
dates  were  available,  the  stage  of  pregnancy  was  designated  by  the  crown-rump 
length  of  the  fetuses.  The  gestation  period  of  cows  was  divided  arbitrarily  into  7 
different  stages  based  on  the  crown-rump  length  of  the  fetuses.  The  stages  together 
with  the  estimated  days  of  pregnancy  (14)  are  shown  below  (table  i).  The  sex  of 
the  fetuses  (5  cm.  or  more  in  length)  was  recorded.  The  numbers  of  glands  in  the 
earlier  stages  of  pregnancy  are  smaller  than  those  in  other  stages  because  of  the  rela¬ 
tive  scarcity  of  cows  carrying  small  fetuses  in  packing  house  material.  Glands  from 
condemned  carcasses  were  not  used. 

The  pituitaries  were  available  20  to  30  minutes  after  the  animals  were  dead.  The 
glands  were  placed  in  10  times  their  volume  of  commercial  acetone.  As  much  as  pos¬ 
sible  of  the  non-glandular  tissue  was  removed  at  the  laboratory  and  the  whole  gland 
(including  the  posterior  lobe)  cut  into  small  cubes  and  stored  in  an  excess  of  acetone. 
The  acetone  was  changed  on  3  subsequent  days  and  after  the  third  change,  the 
tissue  was  exposed  to  a  current  of  warm  air  for  about  i2  hours.  Dehydration  was 
completed  at  room  temperature  in  a  calcium  chloride  desiccator. 

The  individual  glands  were  ground  into  a  powder  with  a  mortar  and  pestle  until 
the  material  could  be  sifted  through  an  So-mesh  to  an  inch  screen.  In  the  earlier  stages 
of  the  experiment,  when  the  technic  of  removing  the  non-glandular  tissue  was  not 

*  O.  Mayer  Co.,  Madison,  Wisconsin,  kindly  made  it  possible  to  obtain  these  glands  directly 
from  the  killing  floor. 
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perfected,  a  small  amount  of  connective  tissue  had  to  be  discarded  at  the  time  of 
grinding. 

Ex()eriments  on  Rats 

In  the  7  pregnancy  stages,  10  different  series  of  glands  were  assayed,  each  series 
containing  at  least  two  glands  representing  each  stage  of  the  gestation  period.®  Two 
trials  were  run  on  5  of  the  series  and  2  rats  were  tested  on  each  pituitary  in  each 
trial.  This  plan  has  the  advantage  that  glands  representing  the  different  stages  of 
pregnancy  were  assayed  simultaneously  in  every  series  and  the  effects  of  temporary 
environmental  influences  on  the  test  animals  were  not  confounded  with  the  effects 
of  any  particular  stage  of  pregnancy.  It  also  affords  a  measure  of  variation  from  series 
to  series  and  trial  to  trial  for  tests  of  significance. 

Cattle  pituitary  powder  implanted  either  intramuscularly  or  subcutaneously 
stimulates  the  ovaries  of  immature  female  rats  sufficiently  for  quantitative  assay  of 
individual  pituitaries.  No.  5  gelatine  capsules  (Eli  Lilly  6?  Co.)  were  used  as  containers 
for  the  powder.  The  results  reported  below  were  obtained  by  implanting  the  capsule 
containing  the  powder  into  the  loose  muscle  between  the  shoulder  blades,  or  the 
musculature  of  the  hind  leg.  The  rats  were  found  to  stand  the  operation  (performed 
under  ether)  well  when  they  were  allowed  to  reach  the  age  of  31  days  and  when  used 
at  that  age,  no  prolonged  ill  effects  were  observed  from  the  operation  or  the  implant. 

The  test  animals  were  killed  on  the  fourth  day  (about  80  hours)  after  the  implant 
was  made  and  the  ovaries  were  then  removed  and  weighed. 

RESULTS 

Dosages  of  25  mg.  powder  were  standard  in  the  assay  of  5  different  series  of 
glands,  using  a  total  of  68  glands  and  272  rats  (table  2).  It  can  be  seen  that  there  is  a 
decline  in  gonadotropic  potency  of  cow  pituitaries  from  early  to  late  pregnancy 


Table  i.  Ovarian  responses  of  rats  to  intramuscular  implantation  of 

PITUITARY  POWDER  FROM  PREGNANT  COWS 


Dosage 

implanted 

(mg.) 

Stage  of  pregnancy 

1 

2 

3  j 

4 

5 

6 

7 

No.  of  pituitaries 

4 

10 

12  I 

II 

10 

11 

10 

No.  of  test  animals 

16 

40 

48 

44 

40 

40 

40 

Ovarian  weights  (mg.) 

18 

26 

27 

15 

21 

20 

No.  of  pituitaries 

10 

■Ml 

12 

8 

10 

10 

10 

50 

No.  of  test  animals 

10 

14 

16 

20 

20 

20 

Ovarian  weights  (mg.) 

74 

70 

61 

57 

42 

36 

(table  2,  fig.  i).  For  each  centimeter  increase  in  fetus  length,  there  is  a  corresponding 
average  decrease  of  the  test  gonad  weight  of  0.13  mg.  (regression  coefl&cient  in  table 
3).  The  average  correlation  between  fetus  length  and  test  gonad  weight  (r  —0.46) 
is  highly  significant  and  the  correlations  in  individual  trials  were  fairly  consistent 
(table  3).  There  was  no  indication  that  the  potency  of  the  individual  pituitaries  was 
associated  with  the  weight  of  the  glands.  Neither  did  there  appear  to  be  changes  in 
the  weight  of  the  pituitary  correlated  with  the  stage  of  pregnancy.  (Correlations  be- 
tween  pituitary  weight  and  fetus  length  and  between  pituitary  weight  and  test 
gonad  weight  both  failed  to  show  statistical  significance.) 

•  The  earliest  stage  was  not  represented  in  j  scries,  because  of  the  relative  scarcity  in  packing  house 
material  of  cows  carrying  small  fetuses. 
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Table  3.  Relation  between  stage  of  pregnancy  (fetus  length),  pituitary  weight  and  gonadotropic 

EFFECT  (ovary  WEIGHt)  OF  PITUITARY  POWDER  (15  MG.)  IMPLANTED  INTO  IMMATURE  FEMALE  RATS 


Scries 

Total 
No.  of 
pituitaries 
assayed 

Total 
No.  of 
test 
animals 

Trial 

Correlation  (r) 

Regression 

(b) 

Test  gonad 
weight — fetus 
length 

Test  gonad 
weight — fetus 
length 

Fetus  length 
— pituitary 
weight  1 

Test  gonad  | 
weight — pi'  1 
tuitary  weight 

I 

16 

64 

1 

2 

1  1 

0  0 

'J 

O.OI  j 

O.OI 

0.35 

j  -0-il 

—  O.II 

II 

1 

48 

1 

1 

2 

1  1 

0  0 

0.04  1 

—0.60 

-0.39 

—  0. 10 
—0.09 

III 

14 

56 

1 

2 

-oils 

—0.18  I 
1  —0.05 

—0.08 

—  O.II 

IV 

1  14 

1 

56 

1 

2 

1  1 

0  0 

j  —O.OI 

—0.45 
—0. 18 

I  —0.14 

1  —0.12 

V 

1  12 

1 

48 

1 

2 

—  0.62  1 

0.40 

-0.25  1 

—0.24 
—  0. 18 

—  0. 17 
—0,04 

Total: 

68 

272 

|Average;j  —0.46  j  0.20 

—0. 18 

1  -0.13 

Probability  (P) 


<0.01 


>0.05 


>0.05  I 


Assays  were  continued  on  rats,  using  the  higher  dosage  of  50  mg.  of  pituitary 
powder  for  the  implants.  Six  cyanine  pituitaries  were  assayed  and  138  test  rats  were 
used  in  5  series  (table  2,  4).  Again  the  correlation  between  fetus  length  and  ovary 
weight  (—0.58)  is  highly  significant  and  slightly  higher  than  in  the  case  of  the  rats 
on  the  25  mg.  dosage  (table  4,  fig.  i).  The  average  regression,  however,  was  signifi' 
cantly  larger  on  the  higher  dosage.  This  held  true  for  each  of  the  5  series  on  the  2 
dosages.  (Dn  the  50  mg.  dosage,  there  is  on  the  average  for  every  cm.  increase  in  fetus 
length  a  corresponding  decrease  in  test  gonad  weight  of  0.40  mg.  as  compared  to  0.13 
for  the  rats  on  the  25  mg.  dose. 

In  comparing  the  results  obtained  on  rats  on  the  25  and  50  mg.  dosages  (fig.  i) 
it  appears  that  the  second  25  mg.  of  the  50  mg.  dosage  has  yielded  a  greater  response 
than  the  first  25  mg.  The  difference  between  the  high  and  low  dosages  seems  to  be 
proportional  rather  than  additive.  The  ratios  between  the  net  responses  of  the  first 
25  mg.  and  the  second  25  mg.  of  the  50  mg.  dosage  varied  between  2.05  and  3.38  with 


Table  4.  Relation  between  stage  of  pregnancy  (fetus  length),  pituitary  weight  and  gonadotropic 

EFFECT  (ovary  WEIGHt)  OF  PITUITARY  POWDER  (5O  MG.)  IMPLANTED  INTO  IMMATURE  FEMALE  RATS 


Series 

Total 
No.  of 
pituitaries 
assayed 

Total 
No.  of 
test 
animals 

Correlation  (r) 

Regression  (b) 
ovary  weight 
— fetus  length 

Ovary  weight 
— fetus 
length 

Fetus  length 
— pituitary 
weight 

Ovary  weight 
— pituitary 
weight 

VI 

14 

28 

— o.y6 

0.08 

—  0.24 

-0.44 

VII 

13 

26 

—0.81 

—  O.OI 

—  0.21 

-0.59 

VIII 

14 

28 

—0.56 

0.22 

—0.21 

-0.35 

IX 

14 

28 

—0.60 

—  O.II 

0.03 

—0.48 

X 

14 

28 

—0.63 

0.21 

—0.60 

—0.56 

Total: 

69 

138 

Av.:— 0.58 

Av.:  0.08 

Av.:— 0.26 

A  v.:— 0.49 

Probability: 

<0.01 

>o.oy 

0.05 

- 
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Fig.  1.  Changes  of  gonadotropic  potency  of  cattle  pituitaries  during  pregnancy. 

an  average  of  2.61  for  all  of  the  points  representing  the  different  stages  of  pregnancy. 
This  tendency  toward  a  proportional  relationship  at  any  one  point  between  the  net 
response  from  the  lower  dosage  and  the  difference  in  response  between  the  2  dosages 
results  in  the  steeper  regression  for  the  50  mg.  dosage. 


LENGTH  OF  FETUS  CM. 

Fig.  2.  Ovarian  responses  of  rats  implanted  with  pituitary  powder  from  cows  carrying  male 
AND  female  fetuses  RESPECTIVELY.  (Scx  of  fctuscs  in  the  ist  stage  of  pregnancy  was  not  determined.) 
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A  comparison  was  made  of  the  ovarian  responses  of  rats  implanted  with  pituitary 
powder  for  cows  carrying  male  and  female  fetuses.  The  average  results  might  suggest 
(fig.  2)  that  on  the  50  mg.  dosage  in  all  stages  of  pregnancy  in  which  the  sex  of  the 
fetus  was  known,  glands  from  cows  carrying  female  fetuses  may  be  more  potent  in 
gonadotropic  hormone  than  those  carrying  male  fetuses.  This  difference  between  sexes 
to  a  lesser  extent  holds  for  the  25  mg.  dosage  (fig.  2).  Statistically  (analysis  of  variance 
and  tests  of  the  significance  of  differences  between  regressions)  the  difference  could 

Table  5.  Testicular  responses  of  immature  chicks  to  subcutaneous  injections 
OF  pituitary  powder  from  pregnant  cows 


Dosage  in'  c-.  c 
jccted  (mg.)  Stage  of  pregnancy 


No.  of  pituitaries 

4 

No.  of  test  animals 

14 

Testis  weight  (mg.)| 

56 

Table  6.  Relation  between  stage  of  pregnancy  (fetus  length),  pituitary  weight  and  gonadotropic 

EFFECT  (testis  WEIGHt)  OF  PITUITARY  POWDER  (15  MG.)  INJECTED  INTO  IMMATURE  MALE  CHICKS 


Total  No.  of 
test  animals 

Correlation 

Regression 

test  gonad  weight  test  gonad  weight 

— fetus  length 

— fetus  length 

28 

—  0.  12 

—  0.05 

15 

—0.7a 

—0.46 

65 

—0.54 

— 0.22 

108 

av.:  —0.47 

Probability: 


not  be  established  as  significant  between  the  responses  of  glands  from  cows  carrying 
male  or  female  fetuses.  This  may  be  due  to  the  small  number  of  pituitaries  available 
in  each  sex  and  fetus  length  class  but  further  work  is  needed  before  interpretation 
is  required. 

Experiments  on  Chicles 

Results  obtained  with  rats  were  tested  using  immature  male  chicks  for  the  assay. 
A  dosage  of  25  mg.  of  powder  was  injected  as  an  aqueous  suspension.  Chicks  of  the 
heavier  White  Rock  breed  were  used  because  in  preliminary  tests  they  responded 
better  to  subcutaneous  injections  of  bovine  gonadotropic  hormone  than  did  chicks  of 
the  lighter  White  Leghorn  breed.  No  attempt  was  made  to  determine  the  conditions 
under  which  the  injections  would  yield  maximum  results.  When  the  chicks  were 
started  at  the  age  of  14  days,  continued  for  6  days  with  i  injection  per  day,  and  killed 
at  the  age  of  21  days,  the  results  were  quite  satisfactory.  The  testes  weight  served 
as  the  end'point.  Equal  portions  of  powder  from  different  pituitaries  were  pooled  in 
each  of  the  pregnancy  stages  for  these  trials.  Three  different  trials  were  made  on  one 
series  of  30  glands  using  a  total  of  108  test  chicks  (table  5).  Essentially  the  same  results 
were  obtained  with  the  chicks  as  with  rats  on  the  25  mg.  level  (fig.  i,  table  6.).  The 
average  correlation  between  fetus  length  and  test  gonad  weight  was  highly  significant 
and  virtually  the  same  for  chicks  ( — 0.47)  as  for  the  rats  on  25  mg.  ( — 0.46).  The  re¬ 
gression  of  test  gonad  weight  on  fetus  length  was  slightly  larger  for  the  chicks 
( — 0.22)  than  for  the  rats  ( — 0.13). 
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DISCUSSION 

This  study  of  the  changes  in  the  gonadotropic  potency  of  pituitary  glands  during 
the  gestation  of  the  cow  shows  that  the  glands  are  strongest  in  early  pregnancy  and 
decline  steadily  in  potency  during  the  later  stages  of  pregnancy.  This  decline  in 
potency  of  the  hypophysis  can  be  explained  on  the  assumption  that  estrogen  secreted 
by  the  placenta  in  increasing  amounts  toward  the  end  of  pregnancy  has  an  inhibitory 
effect  on  the  gonadotropic  potency  of  the  pituitary.  This  estrogen-hypophysis  rela¬ 
tionship  has  been  demonstrated  repeatedly  by  experiments  on  rats.  Hisaw  and  Meyer 
(15)  and  Turner  et  al.  (16)  have  found  that  the  estrogen  level  in  the  urine  of  the  cow 
is  fairly  low  in  the  beginning  of  pregnancy  and  increases  rapidly  toward  the  later 
stages  of  gestation.  If  there  is  also  an  increase  in  estrogen  level  toward  the  end  of 
pregnancy  in  the  blood  of  the  cow  paralleling  the  increased  levels  in  the  urine,  then 
the  decrease  in  the  assayable  activity  of  the  gland  can  be  explained  either  by  the  in¬ 
hibitory  action  of  estrogen  on  the  rate  of  hormone  formation,  or  an  acceleratory  action 
of  it  on  the  rate  of  excretion  of  gonadotropic  hormone  from  the  pituitary.  Siegert  (17), 
in  explaining  the  lack  of  activity  of  pituitaries  of  pregnant  women,  makes  use  of  the 
known  inhibitory  action  of  estrogen  on  the  hypophysis. 

A  study  of  the  changes  in  the  ovaries  of  cows  during  pregnancy  (unpublished 
data  from  this  laboratory)  shows  that  there  is  an  average  decline  in  follicular  develop¬ 
ment  closely  paralleling  the  decline  in  gonadotropic  activity  of  the  pituitary. 

It  is  stated  by  Evans  et  al.  (i)  that  gonadotropic  hormone  of  bovine  origin  seems 
to  have  predominantly  a  luteinizing  effect  on  the  ovaries  of  test  animals.  They  further 
report  that  the  administration  of  beef  pituitary  preparations  did  not  cause  ballooning 
of  the  uteri  of  test  animals.  We  have  observed  that  the  lower  dosage  (25  mg.)  causes 
predominantly  follicular  development  of  test  ovaries  and  also  a  ballooning  of  the 
uterus.  On  both  doses  the  vagina  was  in  many  cases  found  open  on  the  third  day  fol¬ 
lowing  implantation  and  in  all  but  a  very  few  of  the  test  animals,  it  was  open  at  the 
time  of  autopsy  (fourth  day  after  implantation).  The  50  mg.  dosage  caused  predomi¬ 
nant  luteinizationof  the  test  ovaries.  Glandsfrom  cows  in  early  pregnancy  causedmore 
pronounced  luteinization  than  did  glands  from  the  later  stages  of  gestation.  This 
might  indicate  that  glands  in  early  pregnancy  are  stronger  in  luteinizing  activity  than 
those  in  later  stages  of  pregnancy.  On  the  other  hand,  this  may  be  interpreted  simply 
as  a  ‘dose  effect.’  It  has  been  suggested  by  Engle  (18)  that  doses  of  a  gonadotropic  hor¬ 
mone  which  produce  large  ovaries  tend  to  cause  luteinization  of  the  ovaries.  Smaller 
doses  of  the  same  hormone  producing  lighter  ovaries  have  on  the  other  hand  a  follicle 
stimulating  effect.  No  effort  has  been  made  to  determine  whether  there  is  a  different 
proportion  of  two  gonadotropic  hormones  in  early  and  late  pregnancy  or  whether  the 
heavier  luteinization  of  test  ovaries  from  implants  of  early  pregnancy  pituitaries  is  due 
merely  to  a  ‘dosage  effect.’ 

It  was  stated  earlier  that  the  correlation  between  fetus  length  and  pituitary 
weight  was  not  statistically  significant  indicating  that  the  weight  of  the  pituitary 
does  not  increase  in  weight  toward  the  later  stages  of  pregnancy.  This  differs  from  the 
results  of  Erdheim  and  Stumme  (19),  who  find  a  decided  increase  in  pituitary  weight 
during  pregnancy  in  women,  but  agrees  with  the  report  of  Haffner  (20)  on  the  mare 
that  no  change  in  pituitary  weight  is  found  during  pregnancy. 

SUMMARY 

Implantation  of  acetone  dried  pituitary  powder  into  rats  and  injection  of  aqueous 
suspensions  of  the  powder  into  chicks  have  been  found  to  stimulate  the  gonads  suffi¬ 
ciently  to  permit  the  quantitative  assay  of  individual  pituitaries  of  cattle. 
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A  steady  and  significant  decrease  in  gonadotropic  activity  of  glands  from  cows 
takes  place  from  early  to  late  pregnancy. 

This  decrease  in  gonadotropic  activity  may  be  explained  by  the  assumption  that 
placental  estrogen  either  inhibits  the  formation  of  gonadotropic  hormones  in  the 
pituitary  or  causes  an  increased  rate  of  excretion  of  the  hormone  by  the  gland.  The 
average  decline  in  follicular  development  of  cows  during  pregnancy  favors  the  first 
alternative.  Indicative  of  the  rate  of  decrease  from  early  to  late  pregnancy  are  the 
regression  coeflBcients.  For  each  centimeter  increase  in  fetus  length,  there  is  an  average 
decrease  in  test  gonad  weight  of  0.13  mg.  for  rats  and  o.aa  mg.  for  chicks  on  the  25 
mg.  dosage  and  0.49  mg.  for  rats  on  the  50  mg.  dosage.  These  regression  coefficients 
are  highly  significant. 

Correlations  between  pituitary  weight  and  fetus  length  were  not  significant, 
thus  failing  to  indicate  an  increase  in  the  weight  of  the  pituitary  during  pregnancy. 

Pituitaries  from  cows  carrying  female  fetuses  appeared  on  the  average  to  be  richer 
in  gonadotropic  hormone  than  those  from  cows  carrying  male  fetuses.  This  difference 
could  not  be  shown  statistically  significant. 

Test  rats  showed  predominant  luteinization  in  their  ovaries  when  implanted  with 
pituitary  powder  from  cows  in  early  pregnancy.  In  the  latter  part  of  pregnancy  fob 
licular  stimulation  was  prevalent.  This  difference  in  response  may  be  due  to  a  ‘dosage 
effect’  or  to  a  change  in  the  proportion  between  two  gonadotropic  hormones  in  early 
and  late  pregnancy. 

We  wish  to  acknowledge  the  helpful  advice  of  Professor  R.  K.  Meyer,  Department  of  Zoology  and 
Professor  A.  B.  Chapman,  Eiepartment  of  Genetics  in  the  planning  of  this  study  and  preparation  of  the 
manuscript. 
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INFLUENCE  OF  CHLOROPHYLL  ON  THE  ACTIVITY 
OF  GONADOTROPIC  EXTRACTS  TESTED  ON  NORMAL 
AND  HYPOPHYSECTOMIZED  IMMATURE 
FEMALE  RATS' 

J.  H.  LEATHEM  and  U.  WESTPHAD  ® 

From  the  Department  of  Anatomy,  College  of  Physicians  and  Surgeons, 
Columbia,  University 

NEW  YORK  CITY 

The  action  of  various  gonadotropic  substances  may  be  modified  by  the  fre^ 
quency  and  site  of  injections,  and  by  the  addition  of  physiologically  inert 
substances  (i-io).  Some  anterior  pituitary  extracts  are  augmented  by  the 
addition  of  inert  substances  whereas  pregnancy  urine  and  pregnant  mare  serum 
are  unaffected  or  inhibited  by  the  addition  of  zinc  sulphate  (4,  9).  Recently,  chloro' 
phyll  has  been  shown  to  be  capable  of  augmenting  the  action  of  pituitary  gonado¬ 
tropic  hormone  (ii).  However,  the  influence  of  chlorophyll  on  the  gonadotropic 
activity  of  extracts  from  other  sources,  namely,  blood  serum  and  urine,  were  not 
investigated.  In  this  communication  data  are  presented  demonstrating  the  inhibiting 
action  of  chlorophyll  on  several  gonadotropic  extracts. 

MATERIAL  AND  METHODS 

For  these  experiments,  a  total  of  223  female  rats  were  used.  One  hundred 
seventy-two  were  used  for  experiments  testing  the  action  of  chlorophyll  with  preg¬ 
nant  mare  serum.  These  rats  were  22  days  of  age  at  the  time  of  the  initial  injection. 
Mare  serum  hormone  and  chlorophyll  were  also  tested  on  56  hypophysectomized 
female  rats.  The  animals  were  from  30  to  36  days  of  age  at  the  time  of  operation  and 
the  vaginal  orifice  was  closed  in  all  cases.  An  interval  of  5  days  was  allowed  to 
elapse  after  the  operation.  All  pituitary  capsules  were  serially  sectioned,  stained 
with  Masson  trichrome  and  examined  microscopically.  Only  data  from  completely 
hypophysectomized  animals  are  presented.  Ninety-five  normal  22-day-old  rats  were 
used  for  the  tests  with  other  gonadotropic  extracts. 

All  rats  received  a  daily  subcutaneous  injection  for  3  days  and  were  killed  72 
hours  after  the  initial  injection  unless  otherwise  stated.  Body  weight  of  all  animals 
was  taken  at  the  start  of  the  experiment  and  at  autopsy.  Weights  of  the  adrenals, 
ovaries  and  uteri  were  taken  at  autopsy  and  several  ovaries  from  each  series  were 
sectioned  serially. 

The  extracts^  used  in  these  experiments  were  (a)  a  purified  extract  of  pregnant  mare 
serum  assayed  at  125  u  per  mg.  (Schering),  (b)  a  solution  of  crude  pregnant  mare  serum 

1  Aided  by  a  grant  from  the  Rockefeller  Foundation,  administered  by  Dr.  P.  E.  Smith. 

*  Fellow  of  the  Rockefeller  Foundation. 

•  This  investigation  was  originally  undertaken  by  Dr.  U.  Westphal  who  alone  is  responsible  for 
the  observations  on  the  effect  of  marc  scrum  hormone  and  chlorophyll  on  the  normal  rat.  Other  series  of 
experiments  were  studied  jointly.  This  problem  was  continued  by  J.  H.  L.  with  the  addition  of  hypo¬ 
physectomized  rats  since  the  departure  of  Dr.  Westphal  from  the  laboratory. 

*  The  writers  wish  to  express  their  appreciation  for  the  extracts  used  in  this  investigation  to  the 
following:  Dr.  E.  Schwenk  and  Dr.  G.  Fleischer  of  the  Schering  Ck)rp.  for  the  mare  serum  hormone. 
Dr.  J.  A.  Morrell  of  E.  R.  Squibb  fix’  Sons  for  the  male  urine  extract  prospermin  and  the  pregnancy 
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(Schering),  (c)  prospermin  (Squibb),  an  extract  of  normal  male  urine,  (d)  pregnancy  urine  ex' 
tract  follutein  assayed  at  400  r.u.  per  mg.  (Squibb),  (e)  prephysin  (Chappel),  an  anterior 
pituitary  gonadotropin  and  (/)  an  acetone-desiccated  hog  whole  pituitary  powder  (Wilson) 
extracted  in  the  following  manner:  9.6  gm.  of  the  powder  was  stirred  with  90  cc.  of  N/20 
NaOH  at  3°  C.  This  was  centrifuged,  the  solution  decanted  and  the  powder  extracted  again 
in  the  same  manner.  A  small  amount  of  sodium  acetate  solution  was  added  to  clear  the  solu¬ 
tion  and  permit  centrifugation.  The  solution  was  again  decanted  and  the  powder  extracted 
a  third  time  with  n/oo  NaOH.  The  NaOH  extracts  totaled  220  cc.  and  to  this  solution  no 


Table  i.  Effect  of  mare  serum  hormone  and  chlorophyll  on  normal  immature  rats 


No. 

of 

rats 

Body  weight  ave.  j 

Treatment 

Ave.  ovarian 

Ave.  uterine 

start 

autopsy 

(total  dose) 

weight 

weight 

gm. 

gm. 

mg. 

mg. 

15 

44.8 

51-5 

Normal  controb 

12. o±  0.7 

32. 9±  2.9 

12 

41.4 

51.8 

I  u  MSH  (87) 

53-7±  1-5 

^.0 

7 

41.4 

47-1 

I  u  MSH+i  mg.  chlorophyll 

2y.8±  0.7 

101.2+  3.2 

10 

44- J 

48.4 

1  u  MSH -j- 10  mg.  chlorophyll 

12. y±  0.9 

26. i±  4.0 

9 

41.1 

45-3 

I  u  MSH+io  mg.  chlorophyll 

22. y±  0.9 

102. 9±  4.0 

(mixed  for  each  injection) 

8 

41-5 

43-5 

I  u  MSH+IO  mg.  chlorophyll 

46. 8±  y.9 

95 -c 

(separate  injections) 

10 

46.6 

56.4 

y  u  MSH  (407) 

i44-i±  5-2 

98.8 

8 

40.4 

46.5 

5  u  MSH+i  mg.  chlorophyll 

109. 7±  7.6 

80.4 

6 

40.1 

45-3 

5  u  MSH-j- 10  mg.  chlorophyll 

69. 9±  4.6 

95.2 

8 

41.6 

46.6 

5  u  MSH+IO  mg.  chlorophyll 

ioi.3±  12.2 

96.7 

(mixed  for  each  injection) 

7 

58-7 

45-0 

y  u  MSH+io  mg.  chlorophyll 

i31-0±i6.4 

96.8 

(separate  injections) 

10 

43-3 

48.8 

y  u  MSH+IO  mg.  chlorophyll 

63. 6±  2.J 

93.1 

(dark  experiments) 

18 

42.6 

47-a 

10  mg.  chlorophyll 

12. y±  1.7 

30.1+  2.1 

8 

44.0 

95-0 

10  mg.  chlorophyll  in  10  days 

17.4+  o.y 

79-o±i3-o 

6 

47.0 

102.0 

Normal  controb  in  20  days 

20. 6±  2.3 

92.0+ 2y.o 

4 

38.5 

44.0 

10  mg.  ovo-mucoid 

12. y 

27-4 

7 

38.1 

44-9 

I  u  MSH+IO  mg.  ovo-mucoid 

63.0 

94.6 

7 

41.6 

48.3 

I  u  MSH+IO  mg.  ovo-mucoid+ 10  mg. 

chlorophyll 

30.0 

102.2 

6 

39-1 

47-7 

I  u  MSH+20  mg.  ovo-mucoid+ 10  mg. 

chlorophyll 

40.7 

98.3 

6 

40.5 

48.0 

I  u  MSH+20  me.  egg  albumin+io  mg. 

chlorophyll 

42.6 

91. 1 

cc.  of  acetone  was  added.  After  standing  overnight  in  the  refrigerator  the  solution  was  cen¬ 
trifuged  and  the  precipitate  discarded.  To  the  solution  was  added  500  cc.  of  acetone  and  the 
resulting  precipitate  was  centrifuged,  washed  with  acetone,  centrifuged  again  and  the  result¬ 
ing  powder  dried  under  vacuum.  The  powder  was  dissolved  in  water  to  which  was  added 
sodium  acetate  and  was  made  up  so  that  0.5  gm.  of  the  original  powder  was  equivalent  to  3 
cc.  of  solution. 

The  chlorophyll  used  was  water-soluble  and  free  from  carotene  (Eimer  and  Amend).  Be¬ 
cause  of  its  solubility  this  product  was  considered  to  be  possibly  chlorophylene.  The  ovo¬ 
mucoid  was  prepared  by  Dr.  Karl  Meyer  and  the  egg  albumin  was  obtained  from  Merck. 

In  all  the  experiments  with  purihed  mare  serum  hormone,  prospermin,  prephysin  and  chlo¬ 
rophyll  the  materials  were  injected  in  0.2  cc.  amounts  daily. 

RESULTS 

The  purified  mare  serum  hormone  was  initially  tested  with  a  total  dose  of  i  u 

urine  extract  follutein.  Dr.  R.  C.  Brunner  of  Chappel  Laboratories  for  the  anterior  pituitary  extract 
prephysin  and  to  Wilson  Laboratories  for  the  hog  pituitary  powder.  Dr.  Karl  Meyer,  College  of  Physi¬ 
cians  and  Surgeons,  kindly  supplied  the  ovo-mucoid. 
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(87)  which  produced  a  4  to  5  times  increase  in  ovarian  weight  in  the  22'day'old 
rat  in  a  72'hour  period  (table  i). 

If  a  solution  was  prepared  for  all  3  injections  so  that  a  total  of  i  u  of  mare  serum 
hormone  (MSH)  and  10  mg.  of  chlorophyll  was  injected  the  gonadotropic  activity 
of  the  MSH  was  completely  inhibited  (table  i).  However,  if  only  i  mg.  of  chlorophyll 
was  used  a  partial  inhibition  of  the  anticipated  ovarian  weight  increase  was  obtained. 
The  mixture  of  chlorophyll  and  MSH  was  allowed  either  to  stand  overnight  in  the 
refrigerator  or  was  injected  the  day  the  solution  was  made. 

No  inhibiting  effect  was  obtained  when  MSH  and  chlorophyll  were  administered 
in  separate  injections.  Furthermore,  only  a  partial  inhibition  of  the  gonadotropic 
activity  of  MSH  resulted  by  mixing  the  chlorophyll  with  the  hormone  immediately 
before  each  of  the  3  injections  (table  i). 

The  experiments  involving  the  administration  of  i  u  of  MSH  were  repeated  with 


Table  1.  Effect  of  mare  serum  hormone  and  chlorophyll  on  hypophysectomized  immature  rats 


No.  of 

Body  weight  ave. 

Treatment 

Ave.  ovarian 

Ave.  uterine 

rats 

start 

autopsy 

(total  dose) 

weight 

weight 

gm. 

gm. 

1  u  MSH  (87) 

mg. 

5 

72.0 

63.6 

2I.7±4.2 

64.2+4.7 

4 

73-5 

70.3 

I  u  MSH+i  mg.  chlorophyll 

i6.i±i.3 

24.1  +  2.3 

10 

64.0 

63-3 

5  uMSH 

89.a±7.4 

104.9 

5 

69.7 

68.1 

5  u  MSH+i  mg.  chlorophyll 

54-9±7-i 

109.6 

17 

71.0 

67.0 

5  u  MSH+io  mg.  chlorophyll 

i4.9±i.4 

40.9 

7 

65.4 

5  u  MSH+ 10  mg.  chlorophyll 
(mixed  for  each  injection) 

39-3±5-i 

76.3 

8 

72.0 

64-3 

5  u  MSH+ 10  mg.  chlorophyll 
(separate  injections) 

61.4+4.9 

80. 1 

a  5  u  (407)  total  dose  and  essentially  the  same  results  obtained  with  the  smaller 
dose  were  again  observed.  Ten  milligrams  of  chlorophyll  did  not  completely  inhibit 
the  gonadotropic  action  of  5  u  of  MSH  when  injected  immediately  after  mixing. 
However,  after  standing  for  a  week  in  the  cold  before  injecting  the  gonadotropic 
activity  of  the  same  mixture  was  greatly  reduced. 

A  total  of  10  mg.  of  chlorophyll  alone  did  not  influence  the  ovarian  weight  when 
injected  in  the  72'hour  test  period.  Furthermore,  the  daily  subcutaneous  administra¬ 
tion  of  I  mg.  of  chlorophyll  for  20  days  caused  no  significant  effect  in  rats  22  days 
of  age  at  the  start  of  injections  (table  i).  The  ovaries  of  the  treated  and  control 
animals  contained  small  and  medium  sized  normal  vesicular  follicles. 

The  possible  influence  of  light  was  tested  in  a  series  of  animals  in  which  a  total 
dose  of  5  u  of  MSH  and  10  mg.  of  chlorophyll  was  injected.  The  solution  was 
prepared  at  one  time  for  all  injections.  The  animals  and  the  solution  were  kept  in  the 
dark  and.  the  animals  were  injected  in  a  red  light.  However,  ovarian  weights  were 
similar  to  those  which  were  obtained  when  the  same  solution  was  administered  under 
ordinary  laboratory  conditions. 

The  purified  MSH  was  also  tested  in  hypophysectomized  immature  female  rats 
and  results  similar  to  those  obtained  in  the  normal  animal  were  observed  (table  2). 
The  gonadotropic  activity  of  5  u  of  MSH  was  more  markedly  depressed  by  10  mg.  of 
chlorophyll  in  the  operated  animal  than  in  the  normal.  Chlorophyll  may  have  been 
deleterious  to  the  hypophysectomized  animal  since  separate  injections  of  MSH 
and  chlorophyll  resulted  in  a  partial  inhibition  of  the  gonadotropic  activity  whereas 
this  effect  was  not  observed  in  the  normal  rat. 
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One  unit  of  MSH  produced  normal  small  vesicuhr  follicles  in  the  presence  of 
marked  thecal  luteinization  in  the  ovaries  of  the  hypophysectomized  rats.  Similar 
results  were  obtained  with  low  doses  of  another  MSH  preparation  (la).  Follicular 
size  increase  was  reduced  by  the  addition  of  chlorophyll  but  luteinized  thecal  tissue 
was  predominent. 

After  the  injection  of  5  u  of  MSH  the  ovaries  of  the  hypophysectomized  animals 
were  predominently  composed  of  normal  vesicular  follicles  of  medium  and  large 
size.  Thecal  luteinization  and  in  some  cases  granulosa  luteinization  also  was  observed. 


Table  3.  Effect  of  extracts  of  blood  serum,  urine,  AP  and  chlorophyll  on  normal  immature  rats 


1 

•  No.  of 

1  rats 

Body  weight  ave. 

Treatment 
(total  dose) 

Ave.  ovarian 
weight, 
mg. 

Ave.  uterine 
weight, 
mg. 

start, 

gm. 

autopsy, 

gm. 

1  Solution  of  crude  mare  serum 

\  8 

38.9 

44- 1 

I  u 

49.8±i.8 

101.2 

'  8 

4J-0 

48.5 

I  u+ 10  mg.  chlorophyll 

2i.6±i.4 

98.2 

Anterior  pituitary  powder  (hog) 

1  7 

35-3 

40.0 

0.5  gm. 

61.4+6.1 

77-3 

1  8 

39-4 

44-9 

0.5  gm.+io  mg.  chlorophyll 

76.0+5.0 

102.3 

f  Prephysin 

L  11 

■MHI 

WSM 

15  u 

54-a±4-0 

MBM 

1 

15;  u+io  mg.  chlorophyll 

77.9+6.5 

1 

15  u+10  mg.  chlorophyll 

60.9+3.3 

1 

HUH 

■■■ 

(separate  injections) 

■H 

Prospermin 


4 

390 

49.0 

normal  controls 

i4-9±o.7 

350 

9 

41.0 

49.0 

6.0  mg. 

47.2+5.0 

98.3 

8 

390 

49.0 

6.0  mg. 4- 10  mg.  chlorophyll 

44-0+3.0 

91.9 

Pregnancy  Urine  Extract  Follutein 


5 

43-4 

257  (10  R.U.) 

30.9 

88.3 

5 

40.8 

Bol 

257+30  mg.  chlorophyll 

10.5 

95.2 

The  addition  of  chlorophyll  reduced  the  gonadotropic  activity  so  that  follicle  stimu' 
lation  was  less  pronounced. 

One  unit  of  a  solution  of  crude  mare  serum  was  found  to  be  partially  inhibited 
by  10  mg.  of  chlorophyll  but  it  must  be  noted  that  the  same  amount  of  chlorophyll 
abolished  the  gonadotropic  activity  of  i  u  of  the  purified  MSH  (table  i).  This 
suggested  the  possible  protecting  action  of  inert  substances  in  the  crude  preparation 
against  the  chlorophyll.  The  addition  of  ovo^mucoid  or  egg  elbumin  to  a  solution  of 
chlorophyll  and  purified  MSH  which  would  have  otherwise  been  inactive  was 
investigated.  The  inhibiting  action  of  chlorophyll  was  markedly  reduced  by  the 
addition  of  either  of  these  inert  substances  (table  i). 

The  pH  of  each  solution  was  measured  but  the  degree  of  change  was  not  con' 
sidered  to  be  significant.  The  values  were  as  follows:  MSH,  7.5;  chlorophyll,  9.6; 
MSH  and  chlorophyll,  9.6;  MSH,  chlorophyll  and  ovo'mucoid,  8.6;  ovo^mucoid, 
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The  results  of  the  MSH  experiments  are  contrary  to  those  of  Breneman  (ii)  who 
obtained  augmentation  with  hog  pituitary  gonadotropin.  Therefore  an  extract  of 
hog  pituitary  powder  was  tested.  The  dosage  was  chosen  to  allow  ovarian  weight 
increase  to  approximate  the  increase  obtained  with  i  u  of  MSH.  The  addition  of 
chlorophyll  to  this  extract  caused  a  slight  augmentation  of  ovarian  weight  (table  3). 
The  ovaries  in  both  series  contained  many  small  vesicular  follicles,  some  large 
vesicular  follicles  and  a  varied  number  of  corpora  lutea.  Some  augmentation  of  a 
commercial  anterior  pituitary  extract  (prephysin)  was  also  obtained  by  the  addition 
of  chlorophyll  (table  3). 

In  addition  to  the  experiments  with  extracts  of  blood  serum  and  pituitary 
glands,  similar  tests  were  made  with  an  extract  of  normal  male  urine  (prospermin). 
However,  addition  of  chlorophyll  did  not  alter  the  gonadotropic  activity  of  prO' 
spermin  (table  3).  The  ovaries  of  the  animals  in  both  groups  contained  large  vesicular 
follicles  with  evidence  of  granulosa  luteinization  in  some  cases. 

The  addition  of  chlorophyll  to  a  solution  of  human  chorionic  gonadotropin  com- 
pletely  inhibited  the  ability  of  pregnancy  urine  to  increase  ovarian  weight  but  did 
not  inhibit  the  increase  in  uterine  weight  (table  3).  The  pn  of  the  PU  solution  was 
changed  from  5.1  to  9.1  by  the  addition  of  chlorophyll. 

DISCUSSION 

The  influence  of  chlorophyll  on  the  effectiveness  of  various  gonadotropins  was 
investigated.  Doses  of  the  gonadotropic  extracts  were  chosen  which  would  produce 
relatively  the  same  increase  in  the  average  ovarian  weight  in  immature  rats  in  all 
cases.  A  uniform  amount  of  chlorophyll  was  mixed  with  each  of  the  gonadotropins 
to  permit  comparison  of  the  data. 

The  addition  of  chlorophyll  to  anterior  pituitary  extracts  indicated  that  a  slight 
augmentation  of  the  gonadotropic  activity  was  obtained.  The  augmentation  was 
not  as  pronounced  as  that  reported  by  Breneman  (ii).  Normal  male  urine  extract 
was  not  influenced  whereas  mare  serum  hormone  (MSH)  was  completely  inhibited 
by  chlorophyll.  The  injection  of  chlorophyll  alone  produced  no  effect  on  the  ovaries. 

It  has  been  shown  that  the  addition  of  ZnS04  or  the  oxidizing  action  of  iodine 
would  reduce  the  potency  of  MSH  (9, 13).  In  our  experiments  the  amount  of  chloro' 
phyll  mixed  with  the  MSH,  the  time  of  mixing  for  injections  and  the  time  period 
during  which  the  solution  was  permitted  to  stand  before  injection  all  caused  variation 
in  the  degree  of  inhibition  produced  by  chlorophyll  on  the  gonadotropic  activity  of 
MSH.  Furthermore,  the  hypophysectomized  animal  responded  in  the  same  manner 
as  the  unoperated  animal  to  mare  serum  and  chlorophyll. 

A  change  in  the  pn  of  the  MSH  solutions  resulted  with  the  addition  of  chloro' 
phyll.  However,  Cole,  Guilbert  and  Goss  (13)  found  little,  if  any,  influence  of  pn 
on  the  potency  of  MSH. 

The  ratio  of  gonadotropin  to  chlorophyll  by  weight  was  considered  as  a  possible 
explanation  for  the  varied  effects  obtained.  A  human  chorionic  gonadotropin  was 
tested  with  chlorophyll  and  the  solution  prepared  so  that  the  ratio  of  extract  to 
chlorophyll  was  comparable  to  that  used  in  inhibiting  the  action  of  MSH.  Complete 
inhibition  of  ovarian  weight  increase  was  obtained.  Similar  tests  with  the  other 
gonadotropins  was  not  possible  because  of  the  low  potency  per  milligram. 

The  inhibiting  ability  of  chlorophyll  on  MSH  can  be  markedly  reduced  by  the 
addition  of  inert  substances  such  as  ovo^mucoid  and  egg  albumin.  This  suggests  that 
the  resulting  difference  in  effect  of  a  uniform  amount  of  chlorophyll  on  the  gonado- 
tropic  activity  of  extracts  from  varied  sources  may  be  due,  in  part  at  least,  to  the 
amount  of  inert  material  present  in  the  extract. 
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SUMMARY 

A  difference  in  the  effect  of  a  uniform  amount  of  chlorophyll  on  the  activity  of 
gonadotropic  extracts  from  varied  sources  is  demonstrated.  Doses  of  the  extracts 
were  chosen  which  would  produce  relatively  the  same  increase  in  the  ovarian 
weight  in  immature  rats.  By  the  addition  of  chlorophyll,  anterior  pituitary  extracts 
were  augmented  slightly,  a  male  urine  extract  was  not  affected  and  mare  serum 
hormone  was  completely  inhibited. 

The  degree  of  inhibition  of  the  gonadotropic  activity  of  mare  serum  hormone 
was  found  to  vary  with  the  amount  of  chlorophyll  added,  the  time  when  the  chloro' 
phyll  was  added  and  the  period  during  which  the  chlorophyll  and  mare  serum  hor' 
mone  were  allowed  to  stand  before  injection.  The  normal  and  hypophysectomized 
animal  responded  in  virtually  the  same  manner  to  mare  serum  hormone  and 
chlorophyll. 

Addition  of  inert  materials  was  found  to  reduce  the  inhibiting  power  of  chloro' 
phyll  on  the  gonadotropic  activity  of  mare  serum  hormone.  Thus,  it  appears  that 
inert  materials  account  for  some  of  the  differences  in  the  effect  of  chlorophyll  on 
varied  gonadotropins.  The  ratio  of  chlorophyll  to  extract  by  weight  is  of  importance. 
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THE  EFFECT  OF  PITUITARY  STALK  SECTION  UPON 
REPRODUCTIVE  PHENOMENA  IN  THE  FEMALE  RAT' 

EDWARD  W.  DEMPSEY  and  UNTO  U.  UOTILA^ 

From  the  Departments  of  Anatomy  and  Physiology  in  the  Harvard  Medical  School 

BOSTON,  MASSACHUSETTS 

IT  HAS  RECENTLY  BEEN  SHOWN  that  thc  activity  of  the  anterior  lobe  of  the  pituitary 
may  be  modified  by  nervous  stimuli  which  reach  the  gland  through  the  fibers 
of  the  pituitary  stalk.  An  increase  in  cell  height  in  the  rat  thyroid,  which  nor- 
mally  occurs  after  exposure  to  cold,  is  prevented  by  cutting  the  pituitary  stalk  (i). 
Likewise,  Brooks  (2)  has  shown  that  ovulation  in  the  rabbit,  which  normally  follows 
coitus,  does  not  occur  after  pituitary  stalk  section. 

This  nervous  mechanism,  however,  is  not  indispensable  for  the  production  or 
release  of  the  thyrotropic  and  luteinizing  hormones.  The  thyroid  ghnd  shows  no 
histological  change  in  animals  maintained  at  normal  temperature  after  pituitary  stalk 
section  (2,  3).  Similarly,  in  the  spontaneously  ovulating  rat  and  guinea  pig,  the  re- 
productive  cycle  and  ovulation  may  proceed  normally  after  section  of  the  pituitary 
stalk  (4,  5). 

Although  ovulation  may  occur  in  spontaneously  ovulating  animals  after  pituitary 
stalk  section,  the  possibihty  nevertheless  exists  that  the  reproductive  cycle  and  ovula- 
tion  may  be  modified  by  certain  stimuli  which  reach  the  pituitary  via  the  stalk  path' 
ways.Indeed,there  is  evidence  that  environmental  stimuU  do  modifythe  gonadotropic 
activity  of  the  pituitary  (6,  7,  8),  and  incidental  observations  indicate  that  such 
stimuli  are  mediated  by  the  pituitary  stalk  (3).  For  these  reasons,  it  was  thought  ad' 
visable  to  study  various  phenomena  of  reproduction  in  stalk'Cut  female  rats  which 
had  been  exposed  to  the  influence  of  cold.  The  results  of  these  experiments  are  pre' 
sented  in  the  following  report. 

MATERIAL  AND  METHODS 

The  pituitary  stalk  was  sectioned  by  the  parapharyngeal  approach  in  27  adult 
female  albino  rats  of  the  Wistar  strain.  Following  the  operative  procedure,  2  to  3 
months’  time  was  permitted  to  elapse  in  order  to  assure  complete  recovery  from  the 
operation.  Daily  vaginal  smears  were  then  begun.  At  the  end  of  15  days  the  animals 
were  divided  into  3  groups  on  the  basis  of  their  smear  records.  Group  I,  consisting  of 
7  females  whose  reproductive  cycles  were  regular  and  normal,  was  placed  in  a  cold 
room  in  which  the  temperature  was  maintained  at  2  to  5°  C.,  together  with  an  equal 
number  of  normal  females.  The  daily  vaginal  smears  were  continued  until  the  animals 
were  killed  26  days  later.  Group  II,  consisting  of  10  animals  in  which  the  cycle  was 
either  normal,  irregular  or  prolonged,  was  phced  in  a  mating  cage  together  with 
4  breeding  males.  Daily  vaginal  smears  were  continued  and  mating  was  determined  by 
the  detection  of  vaginal  plugs  or  of  sperm  in  the  vaginal  smear.  Pregnancy  was  di' 
agnosed  by  the  ‘placental  sign,’  the  appearance  of  blood  in  the  smear.  These  females 
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were  isolated  in  maternity  cages,  and  following  parturition  daily  litter  weights  were 
recorded  in  order  to  assess  the  sufficiency  of  lactation.  Finally,  the  females  were  killed 
when  the  litters  were  21  days  old.  Group  III,  consisting  of  10  animals  in  which  no 
reproductive  cycle  had  been  observed  during  the  preliminary  period,  was  injected 
with  pregnancy  urine  extract  in  order  to  determine  the  relative  responsiveness  of  the 
ovaries  and  of  the  pituitary.  Following  this  treatment  the  animals  were  killed. 

At  the  death  of  each  animal  the  ovaries,  adrenals  and  thyroids  were  removed, 
weighed  and  fixed  in  10%  formalin.  The  pituitary  and  skull  were  fixed  in  formalin 
in  situ,  subsequently  decalcified  in  5%  trichloracetic  acid,  and  imbedded  and  serially 
sectioned  in  paraffin  in  order  to  determine  the  completeness  of  the  pituitary  stalk 
section.  Those  animals  in  which  the  stalk  section  was  incomplete  were  eliminated 
from  the  present  series.  This  report,  therefore,  deals  only  with  animals  in  which 
stalk  section  was  successfully  performed.  The  thyroids  were  sectioned  and  deter mina- 
tion  of  the  celhheightdndex  (3,  9)  was  made. 

RESULTS 

A.  The  reproductive  cycle  after  pituitary  stal\  section.  Normal  and  regular  cycles 
of  4  to  6  days’  length  were  observed  in  9  of  the  27  stalk'Cut  animals  during  the  pre- 
liminary  15'day  observation  period.  Cycles  were  also  observed  which  were  irregular 
or  prolonged,  or  both,  in  8  additional  animals.  In  the  remaining  10  animals,  the  vaginal 
smear  picture  remained  diestrous  throughout. 

B.  The  reproductive  cycle  in  stall{'Cut  animals  and  unoperated  controls  after  ex' 
posure  to  cold.  Group  I,  consisting  of  7  animals,  which  had  previously  shown  only 
normal  and  regular  cycles  after  pituitary  stalk  section,  was  placed  in  a  cold  room 
(temperature  2  to  5°  C.)  and  the  daily  vaginal  smears  were  continued.  An  equal  num' 
ber  of  normal,  unoperated  controls  were  treated  in  the  same  fashion,  i  normal  and 
I  operated  animal  being  maintained  in  each  cage.  One  operated  animal  died  during  the 
experiment.  The  remaining  6  animals  were  maintained  in  the  cold  room  for  26  ^ys. 
The  results  of  this  set  of  experiments  are  represented  in  figure  i. 

EXiring  the  period  of  expjosure  to  cold  5  of  the  6  operated  animals  continued  to 
exhibit  normal  reproductive  cycles.  The  diestrous  interval  was  either  of  normal 
length  or  somewhat  increased,  but  the  vaginal  smear  pictures  continued  to  show  their 
characteristic  cyclic  changes,  and  the  period  of  cornification  was  of  normal  length. 
The  6th  operated  animal  became  emaciated,  and  after  a  single  estrous  period  remained 
in  diestrus  throughout  the  duration  of  the  experiment  (fig.  i.  No.  647). 

Upon  exposure  to  cold  the  unoperated  control  animals  displayed  estrous  periods 
during  one  or  two  fairly  normal  cycles.  Thereafter  their  cycles  became  progressively 
longer,  and  concomitantly,  the  periods  of  cornification  likewise  became  longer  (fig.  i). 

Ovulation  occurred  during  the  estrous  periods  both  in  the  unoperated  controls 
and  in  the  stalk-cut  animals.  Corpora  lutea  of  different  sizes  were  seen  at  autopsy, 
indicating  that  ovulation  had  occurred  regularly  at  more  than  one  preceding  cycle. 
In  the  unoperated  control  animals  whose  cycles  were  suppressed  after  exposure  to 
cold,  the  ovaries  were  somewhat  atrophic  and  no  corpora  lutea  were  present.  In  the 
latter,  growing  follicles  and  increased  numbers  of  atretic  follicles  were  found  (fig.  3,4). 

C.  Mating,  pregnancy  and  lactation  in  stal\'cut  animals.  Group  II,  consisting  of 
10  animals  whose  cycles  had  been  either  normal  or  somewhat  prolonged  and  irregu¬ 
lar,  was  placed,  at  the  end  of  the  preliminary  observation  period,  in  a  mating  cage 
together  with  4  adult  males.  Six  of  the  10  animals  mated,  as  indicated  by  the  presence 
of  vaginal  plugs  and  by  the  observation  of  sperm  in  the  vaginal  smears.  Five  of  these 
6  animals  became  pregnant  and  displayed  vaginal  bleeding  (‘placental  sign’)  on  the 
13th  to  i8th  day  after  mating.  Parturition  occurred  21  or  22  days  after  mating.  The 
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litter  size  ranged  from  4  to  8,  average  6.4.  The  litter  weight  at  birth  averaged  35.4  gm. 
Lactation  was  apparently  normal,  since  the  birth  weight  was  approximately  tripled 
at  the  end  of  10  days.  These  data  are  presented  in  detail  in  table  i.  Figure  ^  illustrates 
the  lesion  transecting  the  stalk  on  one  of  these  animals. 


Days 

Fig.  I.  Diagram  illustrating  reproductive  cycle  in  stalkcut  and  normal  female  rats  main- 
TAiNED  AT  ROOM  TEMPERATURE  AND  IN  A  COLD  ROOM.  The  cycles  increased  in  length  and  the  periods 
of  comihcation  became  longer  in  the  normal  animals  exposed  to  cold.  Similar  exposure  to  cold  did  not 
modify  the  cycles  of  the  stalk<ut  animals. 

Of  the  remaining  5  animals  which  did  not  become  pregnant,  1  showed  regular 
cycles  and  sperm  were  found  in  the  smear  at  each  estrous  period.  Four  others  dis' 
played  cornified  vaginal  smears  one  or  more  times  during  the  experiment,  but  sperm 
were  never  found  in  the  vaginal  contents. 
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D.  The  effect  of  pregnancy  urine  extracts  on  stall^'cut  animals.  Group  III,  consist' 
ing  of  10  animals,  which  during  the  preliminary  observations  had  remained  con- 
stantly  in  diestrus,  was  injected  with  pregnancy  urine  concentrate  (korotron.  Win' 
throp),  12.5  R.u.  daily  for  2  days.  Five  days  after  the  first  injection  cornified  vaginal 
smears  were  observed  in  3  of  the  animals.  These  animals  were  killed  on  the  6th  day 
following  the  ist  injection.  Recent  corpora  lutea  were  observed  in  the  ovaries. 


Fig.  1.  Sagittal  section  through  the  pituitary  stalk  of  a  female  rat,  showing  the  level  of 
TRANSECTION.  Following  the  operation  this  animal  came  into  heat,  mated,  bore  a  litter  of  8  young,  and 
lactated.  Fig.  j.  Ovary  from  normal  female  (No.  4)  after  exposure  to  cold.  No  corpora  lutea  are 
present.  Growing  follicles  and  an  excessive  number  of  atretic  follicles  are  shown.  Fig.  4.  Ovary  from 
STALK-CUT  female  (No.  692)  AFTER  EXPOSURE  TO  COLD.  Normal  appearing  corpora  lutea  and  growing 
follicles  are  shown.  Fig.  5.  Thyroid  follicles  from  stalk-cut  female  (No.  692)  after  exposure  to 
COLD.  The  cell-height  is  within  the  limits  of  that  of  normal  animals  maintained  at  room  temperature 
(see  table  1).  Fig.  6.  Thyroid  follicles  from  normal  fem.ale  (No.  4)  after  exposure  to  cold.  The  cell- 
height  is  greatly  increased  (see  table  2). 

The  7  animals  remaining  in  this  group  were  injected,  10  days  after  the  first 
treatment,  with  double  the  previous  amount  of  pregnancy  urine  concentrate.  Follow' 
ing  this  second  series  of  injections  cornified  smears  were  observed  in  3  more  of  the 
animals  on  the  5th  day.  These  7  animals  were  then  killed,  and  luteinization  was  noted 
in  the  ovaries  of  the  3  animals  whose  vaginal  smears  had  been  cornified,  but  no 
changes  were  seen  in  the  4  animals  in  which  the  smears  had  been  negative. 
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Table  i.  Length  of  gestation,  litter  size  and  litter  weight  increments  in 

FEMALE  RATS  MATED  AFTER  PITUITARY  STALK  TRANSECTION 


Animal 

No. 

Length  of 
gestation 

Litter 

size 

Birth  weight 
of  litter 

Litter  weight 
at  10  days 

Litter  weight 

A  in  10  days 

gm. 

gm. 

gm. 

639 

21 

5 

15 

92 

67 

640 

21 

8 

45 

130 

85 

649 

22 

4 

14 

80 

56 

658 

22 

8 

43 

89 

46 

659 

22 

7 

40 

93 

53 

Average 

21.9 

6.4 

35-4 

96.8 

61.4 

E.  Adrenals  and  thyroids.  The  adrenals  were  weighed  at  autopsy  in  all  animals 
and  the  weights  reduced  to  percentage  values  of  the  adrenal  weights  of  normal  con^ 
trol  animals  of  the  same  age  which  had  been  maintained  at  room  temperature  through' 
out  the  experiment.  Table  2  presents  the  results  of  3  experiments.  It  will  be  observed 
that  the  adrenals  were  enlarged  (+38%)  in  the  normal  animals  which  had  been  ex' 
posed  to  cold.  In  stalk-cut  animals  exposed  to  cold  (Group  I)  and  in  stalk'cut  lactating 
females  (Group  II),  on  the  contrary,  the  adrenals  were  normal  in  size  (  —  4%  and 
+7%,  respectively).  In  those  animals  in  which  pituitary  stalk  section  was  followed 
by  permanent  diestrus  and  which  received  injections  of  pregnancy  urine  (Group  III), 
the  adrenals  were  markedly  atrophic  (—64%). 

Thryoid  weights  were  also  recorded  at  autopsy.  No  marked  deviation  in  weight 
was  observed  in  any  of  the  experimental  groups.  Consequently,  the  celhheight 'index 
was  utilized  instead  as  a  measure  of  thyroid  activity.  Table  2  shows  that  the  cell' 
height  was  increased  in  the  unoperated  animals  which  were  kept  in  the  cold  room 
(+59%).  In  stalk'Cut  animals  exposed  to  cold  (Group  I),  or  lactating  (Group  II), 
the  thyroid  cell-height  was  essentially  normal  (  —  1.3%  and  +1.7%  respectively). 

DISCUSSION 

The  data  presented  in  sections  A  and  C  demonstrate  that  the  basic  rhythm  of 
the  reproductive  cycle  and  ovulation,  as  well  as  mating,  pregnancy  and  lactation, 
may  remain  unaltered  after  transection  of  the  pituitary  stalk.  Moreover,  the  reprO' 
ductive  cycle  may  proceed  normally  after  stalk  section  despite  exposure  to  cold,  ah 
though  cold  lengthens  the  cycle  and  delays  ovulation  in  unoperated  control  animals 
(section  B,  fig.  i). 

These  observations  may  be  explained  by  the  assumption  that  the  rate  of  produc' 
tion  of  the  pituitary  gonadotropic  hormones  is  modified  by  nervous  influences.  Re' 
moval  of  the  nervous  pathway  by  stalk  section  abolishes  the  modifying  factors. 
Exposure  of  the  animals  to  cold  apparently  depresses  the  production  of  the  follicle' 
stimulating  hormone  or  delays  the  release  of  luteinizing  hormone.  Either  or  both 


Table  1.  Adrenal  weight  and  thyroid  cell-height  index  in  normal  and  stalk-cut  female  rats 

AFTER  various  EXPERIMENTAL  PROCEDURES  (sEE  TEXT  FOR  DETAILS) 


Group 

No.  of  animals 

Adrenal  weight 

Thyroid  cell  height 

mg. 

% 

M 

% 

Normal — room  temperature 

5 

45 

0.0 

4.67 

0.0 

Normal — cold  room 

7 

62 

+38 

7-45 

+59 

I.  Stalk -cut — cold  room 

6 

43 

-  4 

4.61 

-  1-3 

11.  Stalk<ut — lactating 

5 

50 

+  7 

4-75 

+  1-7 

111.  Stalk-cut — p.u.  injected 

10 

16 

-64 
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reactions  would  result  in  a  prolongation  of  the  cycle.  The  prolonged  diestrous  inter¬ 
val  and  the  decreased  number  of  corpora  lutea  in  the  cold  room  control  animals 
(fig.  i)  can  most  readily  be  explained  by  a  low  rate  of  production  of  follicle-stimulating 
hormone.  On  the  other  hand,  the  prolonged  comification  seen  in  the  same  animals 
presumably  indicates  a  delay  in  ovulation  and  luteinization,  thus  allowing  nearly 
mature  follicles  to  persist  and  secrete  estrin  for  relatively  long  periods  before  atresia 
sets  in.  These  considerations  make  it  appear  probable  that  both  factors  are  involved 
in  the  observed  prolongation  of  the  cycle  upon  exposure  to  cold.  In  any  event,  it 
appears  that  inhibitory  influences  on  either  or  both  of  the  pituitary  gonadotropic 
hormones  can  be  mediated  by  the  pituitary  stalk  and  that  these  influences  are  abol¬ 
ished  by  pituitary  stalk  section. 

Westman  and  Jacobsohn  (id)  contend  that  gonadal  atrophy  is  a  result  of  pituitary 
stalk  section  in  rats.  On  the  other  hand.  Brooks  (2)  and  Dempsey  (4)  observed  normal 
ovaries  after  stalk  section  in  rabbits  and  guinea  pigs  respectively.  The  results  from 
the  present  investigation  indicate  similarly  that  normal  reproductive  phenomena  are 
possible  in  the  absence  of  the  pituitary  stalk  fibers.  Nevertheless,  in  a  certain  propor¬ 
tion  of  our  animals  (Group  III)  there  was  a  suppression  of  ovarian  activity  following 
transection  of  the  stalk.  These  animals  also  showed  cessation  of  growth  and  regression 
of  the  adrenals.  It  seems  clear,  therefore,  since  the  deficiencies  in  these  animals  in¬ 
volve  not  one  but  several  of  the  hypophyseal  activities  and  since  these  deficiencies  do 
not  invariably  follow  complete  stalk  section,  that  we  are  dealing  here  with  inad¬ 
vertent  damage  to  the  hypophysis  and  not  with  a  physiological  effect  of  denervation. 

Still  further  evidence  in  favor  of  the  view  adopted  above  comes  from  the  data 
presented  in  section  D.  These  observations  indicate  that  in  animals  whose  hy¬ 
pophyseal  deficiency  is  severe  enough  to  cause  complete  cessation  of  cycles  (Group 
III)  there  are  still  varying  degrees  of  responsiveness  to  injections  of  pregnancy  urine 
extracts.  These  extracts  exert  their  effect  either  through  the  pituitary  or  in  conjunc¬ 
tion  with  some  essential  hypophyseal  factor  (ii).  The  results  presented  above  indi¬ 
cate,  therefore,  that  the  hypophyseal  deficiency  in  some  of  these  long-time  diestrous 
stalk-cut  animals  is  relative,  whereas  in  others  it  is  absolute,  since  activation  of  the 
hypophysis  occurred  in  some  and  did  not  in  others  when  pregnancy  urine  was  in¬ 
jured.  Consequently  we  can  present  a  graded  series  of  hypophyseal  deficiencies  in 
stalk-cut  animals,  ranging  from  absolute  deficiency  (the  4  animals  in  Group  III  which 
did  not  respond  to  pregnancy  urine  injections)  through  intermediate  grades  of  de¬ 
ficiency  (the  remainder  of  Group  III;  and  Group  II)  to  complete  normality  (Group  I). 
Since  the  stalk  transection  was  complete  in  our  entire  series  of  animals,  we  arrive  at 
the  same  conclusion  as  before,  namely,  that  the  deflaciency  is  a  result  of  inadvertent 
damage  to  the  anterior  lobe  and  not  of  denervation.  The  damage  to  the  anterior  lobe, 
indirect  evidence  for  which  has  been  adduced,  may  be  due  to  some  form  of  direct 
trauma,  or  to  interference  with  its  blood  supply. 

Furthermore,  it  is  worthy  of  emphasis  that  normal  reproductive  activity  can 
occur  even  in  animals  showing  intermediate  grades  of  hypophyseal  deficiency.  The 
results  presented  in  section  C  illustrate  this  point.  The  cycles  of  certain  of  these 
animals  were  definitely  prolonged  or  irregular,  growth  was  slightly  retarded  and  the 
adrenals  and  thyroids  were  small,  yet  mating,  ovulation,  pregnancy,  parturition  and 
lactation  were  normal. 

The  observations  cited  in  the  present  report  emphasize  and  support  the  sugges¬ 
tion  of  Uotila  (12)  that  the  pituitary  stalk  pathway  subserves  emergency  functions. 
The  pituitary  stalk  in  the  rat  is  not  necessary  for  the  normal  production  or  release 
of  any  of  the  hypophyseal  hormones  so  far  studied.  It  would  appear,  however,  that 
the  increase  or  decrease  in  rate  of  production  of  these  hormones  which  follows  certain 
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environmental  stimuli  is  mediated  by  the  pituitary  stalk.  After  stalk  section  these 
readjustments  to  new  environmental  conditions  no  longer  occur.  Specifically,  thyro' 
tropic  hormone  production,  normally  stimulated  by  cold,  and  gonadotropic  hormone 
production,  normally  decreased  by  cold,  are  not  affected  by  similar  exposure  to  cold 
after  stalk  section. 

The  present  experiments  demonstrate  an  inverse  relationship  between  the  activ- 
ity  of  the  thyroid  and  the  gonads  after  exposure  to  cold.  Following  stimulation  by 
cold  thyrotropic  hormone  production  apparently  is  increased,  while  gonadotropic 
hormone  production  is  decreased.  Similar  results  in  male  rats  were  reported  by 
Uotila  (3).  These  results  lead  to  the  question  of  whether  this  inverse  relation  is  a 
result  of  two  separate  reactions  occurring  simultaneously,  or  whether  the  production 
of  these  hormones  is  so  linked  that  an  increase  in  one  necessarily  is  followed  by  a 
decrease  of  the  other.  This  question  cannot  be  answered  at  present,  although  it  may 
be  recalled  that  Marine  (13)  has  emphasized  the  close  interrelationship  between  the 
ovary  and  the  thyroid. 

__  SUMMARY 

Reproductive  cycles,  ovulation,  mating,  pregnancy  and  lactation  are  normal  after 
section  of  the  pituitary  stalk  in  the  rat. 

The  depressing  action  of  cold  upon  the  reproductive  cycle  and  the  ovary  is  aboh 
ished  by  pituitary  stalk  section  (fig.  i). 

Hypophyseal  deficiency  sometimes  occurs  after  pituitary  stalk  section.  It  appears 
to  be  a  result  of  inadvertent  damage  to  the  anterior  pituitary  or  its  blood  supply, 
and  does  not  represent  a  physiological  effect  of  denervation  (p.  578).  Activation  of 
such  deficient  pituitaries  sometimes  occurs  after  injections  of  pregnancy  urine  ex' 
tracts. 

The  pituitary  stalk  mechanism  modifies  the  rate  of  production  of  thyrotropic  and 
gonadotropic  hormones  in  response  to  certain  emergency  situations. 
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OBSERVATIONS  ON  THE  CHROMATIN  IN  THE  NUCLEI 
OF  ENDOMETRIUM  FROM  MONKEYS  UNDER 
EXPERIMENTAL  CONDITIONS' 

RUCKER  CLEVELAND 

From  the  Department  of  Anatomy,  Vanderbilt  University  School  of  Medicine 

NASHVILLE,  TENNESSEE 

IN  A  CYTOLOGIC  STUDY  of  human  endometrium,  three  modes  of  distribution  of  the 
granular  chromatin  in  nuclei  were  described  (i),  and  designated  respectively  as 
(d)  aggregate,  or  coarse,  (b)  diffuse,  or  fine  and  (c)  intermediate  chromatin.  The 
coarse  or  aggregate  type  of  chromatin  appeared  in  48  of  the  52  specimens  in  the  group 
of  tissues  which  had  been  classified  by  the  Department  of  Obstetrics  and  Gynecology 
as  having  the  characteristics  of  proliferating  endometrium.  The  diffuse  or  fine  chro' 
matin,  the  intermediate  type  of  chromatin  distribution,  as  well  as  the  coarse  or  aggre^ 
gate  chromatin,  appeared  in  the  nuclei  of  the  129  tissues  recorded  by  the  same 
department  as  having  the  characteristics  of  secretory  or  menstrual  endometrium. 

Since  it  is  generally  accepted  that  the  histologic  characteristics  for  the  proliferating  type 
of  endometrium  are  produced  by  the  action  of  the  follicle  hormone,  or  some  chemically  allied 
estrogenic  factor,  it  seemed  probable  that  the  almost  uniform  occurrence  of  coarse  or  aggre¬ 
gate  chromatin  in  the  first  group  of  human  tissues  probably  was  due  to  the  action  of  the  fol¬ 
licle  hormone;  likewise,  that  the  variety  of  types  of  chromatin  appearing  in  the  secretory  and 
menstrual  tissues  was  the  result  of  the  effect  of  both  the  follicle  and  corpus  luteum  hormones, 
in  various  amounts,  acting  simultaneously  for  various  periods  of  time  during  the  course  of  the 
ovarian  cycles. 

The  cytologic  study  of  the  nuclei  in  human  endometrium  was  made  on  routinely  prepared 
laboratory  tissues  which  were  fixed  in  Bouin’s  fluid  within  a  few  seconds  of  removal  from  the 
uterus,  whether  by  biopsy  or  by  surgical  technic.  They  were  stained  with  hematoxylin  and 
eosin.  Following  such  treatment,  the  aggregate  or  coarse  chromatin  nuclei  were  characterized 
by  a  sharply  staining,  often  thick  nuclear  membrane,  within  which  there  was  a  wide-meshed, 
well  stained  heavy  network.  The  nucleoplasm  between  the  strands  of  the  network  was  rela¬ 
tively  free  of  discrete  chromatin  particles.  At  intervals  along  the  network  there  were  areas 
of  clumped  chromatic  material.  The  nucleoli  were  prominent  and  varied  from  basic  to  acidic 
in  their  staining  reaction.  In  contrast,  the  fine  or  diffuse  chromatin  nuclei  were  characterized 
by  the  dispersion  of  small  discrete  particles  of  chromatin  throughout  the  nucleoplasm,  with 
little  or  no  hint  of  a  network.  The  nucleus  as  a  whole  stained  a  paler  blue.  Nucleoli  were 
present  in  the  form  of  densely  staining  homogeneous  masses  of  chromatic  material.  In  nuclei 
with  the  intermediate  type  of  chromatin  granule  distribution,  there  was  a  well-defined  net¬ 
work  between  the  strands  of  which  many  discrete  chromatin  particles  were  seen  in  the  clear 
nucleoplasm. 

Many  nuclei  which  did  not  contain  granular  chromatin,  were  seen  in  the  stroma  of  speci¬ 
mens  of  human  endometrium.  They  appeared  to  be  composed  of  a  solidly  homogeneous  chro¬ 
matic  material,  about  which  no  nuclear  membrane  was  visible.  The  outline  of  these  nuclei 
was  irregular,  in  which  characteristic  they  differed  from  the  rounded  pycnotic  form  of  the 

*  This  work  was  made  possible  through  a  grant  from  the  Ciommittee  on  Scientific  Research  of  the 
American  Medical  Association. 

The  author  wishes  to  thank  Dr.  John  Burch  of  the  Department  of  Obstetrics  and  Gynecology  for 
his  interest  in  this  work. 
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nucleus  seen  in  the  usual  type  of  cell  necrosis.  These  solidly  homogeneous  nuclei  were  ob- 
served  in  the  stroma  of  some  of  the  secretory  and  menstrual  specimens  in  abundance.  They 
rarely  were  observed  in  the  stroma  of  the  proliferative  type  of  endometrium. 

The  study  of  the  nature  of  the  substances  in  nuclei,  and  the  correlation  of  the  living  struc' 
tures  with  those  seen  in  fixed  preparations,  have  long  engaged  the  attention  of  microscopists. 
The  literature  on  the  subject  is  voluminous  and  controversial,  and  includes  observations  made 
on  material  as  varied  in  origin  as  that  of  the  ameba,  and  of  mammalian  liver  (2-11).  Since  the 
report  with  which  this  paper  is  concerned  is  based  upon  the  contrast  in  the  morphology  of 
nuclei  in  fixed  tissues  only,  and,  moreover,  in  tissues  uniformly  treated  with  one  type  of  fixa- 
tive,  a  review  of  the  work  on  the  structure  of  nuclei  in  fresh  as  compared  with  fixed  tissues 
does  not  seem  indicated. 

On  the  other  hand,  the  number  of  papers  dealing  with  the  morphology  of  the  nucleus 
fixed  in  different  stages  of  physiologic  activity  are  relatively  few  (12-15).  True,  in  the  course 
of  general  histologic  and  cytologic  observations  a  single  sentence  often  serves  to  describe  the 
nuclear  structure,  as  is  evidenced  in  the  article  of  Heape  (16)  where  he  observed  that  in  the 
monkey  a  network  is  always  seen  in  the  nuclei  of  the  endometrium  in  the  ‘resting’  stage,  and 
that  at  other  times  it  may  be  less  pronounced  and  frequently  invisible,  at  which  times  the 
nuclei  are  pale  staining  and  have  a  dark  staining  nucleolus  at  the  base  of  the  nucleus.  This 
report  was  made  before  the  cyclic  nature  of  the  structures  in  the  mucous  membrane  of  the 
human  uterus  was  established  by  Hitschmann  and  Adler  (17).  Carlier  (18)  reported  in  great 
detail  his  observations  on  the  nuclei  in  the  cells  of  the  stomach  of  the  newt  after  fasting  and 
at  intervals  following  ingestion  of  measured  lengths  of  worm.  There  were  differences  in  the 
nuclear  structure  as  the  cells  passed  from  the  resting  to  the  highly  active  state,  differences 
which  were  based  largely  on  variations  in  colour  and  abundance  of  certain  ‘lanthanin  granules’ 
described  by  Heidenhain  (19).  These  granules,  according  to  the  report,  were  precipitated 
from  the  nucleoplasm  by  the  action  of  corrosive  sublimate,  and  were  stained  with  eosin^ 
methyl-blue.  The  amount  and  staining  reaction  of  these  lanthanin  granules  diminished  in  the 
courses  of  digestion,  and  increased  sharply  after  the  nucleus  reached  its  maximum  of  shrink¬ 
age.  Recently  Baker  (20)  described  differences  in  the  staining  reaction  of  nuclei  in  the  cortex 
of  the  adrenal.  The  contrast  of  structure  of  nuclei  in  normal  tissues  and  in  benign  and  malig¬ 
nant  tumors  has  been  studied  extensively  (21-25),  and  changes  in  the  nuclear-nucleolus  ratio 
have  become  significant  in  the  cytologic  diagnosis  of  malignancy  (8,  26,  27).  The  biochemist 
(28,  29)  and  cytologist  are  drawing  nearer  in  their  study  of  the  nucleus,  and  the  technic  de¬ 
vised  by  Feulgen  (29,  30)  for  demonstrating  the  presence  and  distribution  of  nucleic  acid  has 
given  impetus  to  the  work  of  the  cytologist  on  this  structure  (31,  32,  33). 

PROCEDURE 

The  present  study  on  nuclear  form  in  the  endometrium  of  castrate  animals,  and 
of  castrate  animals  treated  with  estrogen  and  progesterone,  alone  and  in  combina¬ 
tion,  for  varying  periods  of  time,  was  made  on  9  mature  and  3  immature  Macacus 
rhesus  monkeys.  The  animals  were  castrated  and  biopsies  of  the  uterus  were  secured 
from  the  mature  animals  at  intervals  of  3,  4,  5  and  6  weeks  following  castration 
(table  i).  A  uniform  daily  dosage  of  100  r.u.  estrogen  in  the  form  of  progynon-B* 


Table  i.  Biopsy  specimens  of  endometrium  from  castrate  monkeys 


Animal 

Date  of 
biopsy 

Type  of  animal  when 
castrated 

Duration  of  castration 
at  time  of  biopsy 

M.8 

6/9 

cyclic  adolescent 

days 

21 

M.5 

6/10 

acyclic  mature 

21 

M.ii 

7/13 

cyclic  mature 

28 

M.12 

7/12 

cyclic  mature 

28 

M.io 

8/1 

cyclic  adolescent 

35 

M.4 

7/4 

cyclic  mature 

41 

M.6 

7/5 

cyclic  mature 

4i 

58i 
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was  employed  for  periods  of  2,  3,  4,  5  and  6  weeks  in  some  of  the  castrate  animals 
and  biopsies  obtained  (table  2).  Biopsies  were  secured  from  2  castrate  animals  after 

Table  1.  Biopsy  specimens  of  endometrium  from  castrate  animals  receiving  estrogen 

Animal 

Date  of 
biopsy 

Period  of 
treatment 

Dosage 
per  day 

Total 

dosage 

M.i 

5/4 

days 

R.U. 

R.U. 

14 

100 

1400 

M.2 

5/16 

14 

100 

1400 

M.I2 

7/17 

14 

100 

1400 

M.ii 

7/18 

14 

100 

1400 

M.8 

6/30 

11 

100 

2100 

M.g 

7/15 

21 

100 

2100 

M.7 

6/18 

28 

100 

2800 

M.3 

6/11 

28 

100 

2800 

M.8 

7/14 

35 

100 

5500 

M.p 

8/8 

35 

100 

3500 

M.7 

7/a 

42 

100 

4200 

M.3 

6/15 

4a 

100 

4200 

Table  j.  Biopsy  specimens  of  endometrium  from  castrate  animals  receiving  progesterone 


Animal 

Date  of 
biopsy 

Period  of 
treatment 

Dosage 
per  day 

Total 

dosage 

days 

Rb.u. 

Rb.u. 

M.io 

8/a3 

21 

I 

21 

M.5 

7/a 

21 

1 

21 

Table  4.  Biopsy  specimens  of  endometrium  from  castrate  animals  receiving 

ESTROGEN  AND  PROGESTERONE 


Group 

Animal 

Date 

Estrogen 

priming 

Simultaneous  administration 

Total 
days  in 
experi¬ 
ment 

days 

estrogen 

progesterone 

Days 

total 

dosage 

daily 

total 

daily 

total 

R.U. 

■ 

R.u. 

Rb.u. 

M.2 

7/a 

14 

1400 

■9 

100 

700 

1 

21 

A 

M.12 

8/3 

14 

1400 

■9 

100 

700 

1 

21 

M.II 

8/4 

14 

1400 

mm 

100 

700 

1 

■■ 

21 

B 

M.4 

8/a 

14 

1400 

14 

100 

1400 

14 

28 

M.6 

8/3 

14 

1400 

14 

100 

1400 

14 

28 

M.IO 

ia/5 

1 

14 

1400 

14 

100 

1400 

28 

28 

C 

M.4 

12/6 

14 

1400 

14 

100 

1400 

28 

28 

M.g 

I  a/7 

14 

1400 

14 

100 

1400 

a8 

28 

D 

M.14 

1/30 

14 

2700 

14 

15 

210 

■Pll 

37 

28 

M.g 

1/30 

14 

2700 

14 

15 

210 

37 

28 

•  D.iy,  I  Rb.u.  progesterone,  D.16, 1  Rb.u.,  D.17  and  thereafter,  3  Rb.u.  progesterone  daily. 


a  period  of  treatment  for  3  weeks  during  which  i  Rb.u.  daily  of  progesterone  in  the 
form  of  proluton*  had  been  given  subcutaneously  (table  3).  Three  biopsies  were  from 
animals  primed  for  14  days  with  100  r.u.  of  estrogen  daily  and  subsequently  treated 

*  The  estrogen,  in  the  form  of  progynon-B,  and  progesterone,  in  the  form  of  proluton,  was  made 
available  through  the  courtesy  of  Dr.  Erwin  Schwenk  of  the  Schering  Corporation. 
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for  7  days  with  the  same  amounts  of  estrogen  to  which  was  added  i  Rb.u.  proges' 
sterone  (table  4, A).  Two  additional  animals  were  treated  identically,  except  that  the 
simultaneous  administration  of  the  estrogen  and  progesterone  continued  for  two 
weeks  after  the  initial  period  of  priming  (table  4,8).  Three  animals,  primed  for  14  days 
with  100  R.u.  estrogen  continued  to  receive  the  same  daily  dosage  of  estrogen,  in 
addition  to  2  Rb.u.  of  progesterone  each  day  (table  4,C). 

Three  common  factors  were  consistently  maintained  in  the  treatment  of  the 
groups  of  experimental  animals,  i.e.,  the  daily  dosage  of  estrogen  was  the  same  in 
all  animals  receiving  estrogen,  whether  alone  or  as  priming  for  subsequent  treatment 
with  simultaneously  administered  progesterone;  second,  the  level  of  estrogen  was  not 
changed  during  the  period  of  simultaneous  treatment  with  progesterone;  the  third 


Table  5.  Biopsies  from  castrated  macaques;  summary  table 


Weeks:  2 

3 

4 

5 

6 

Castrate  controls  — 

2 

2 

I 

2 

Estrogen  only  4 

2 

2 

2 

2 

Progesterone  only  — 

2 

— 

— 

— 

Estrogen  priming  and  simultaneous  estrogen 

and  progesterone  for  i  and  2  weeks  — 

3 

7 

Dosage:  100  r.u.  estrogen  per  day;  i,  2,  and  3  Rb.u.  progesterone  per  day. 


common  factor  was  that  all  biopsies  were  obtained  within  24  hours  of  the  last  injec' 
tion. 

The  mode  of  treatment  for  the  animals  in  the  last  group  of  the  experiments  dif- 
fered  (table  4,D).  Two  animals  were  primed  for  10  days  with  estrogen,  100  r.u.  daily 
from  day  i  through  day  10,  200  r.u.  on  day  ii,  and  500  each  on  days  12, 13  and  14. 
This  was  a  total  of  2700  r.u.  of  estrogen  for  priming  as  contrasted  with  1400  in  the 
previous  groups  of  animals.  On  day  15,  the  estrogen  was  dropped  to  15  r.u.  daily 
for  the  remainder  of  the  experiment,  and  on  day  15,  i  Rb.u.  progesterone,  and  day  16, 
2  Rb.u.,  and  on  day  17,  3  Rb.u.  of  progesterone  in  addition  to  the  estrogen,  was  given. 
This  dosage  was  maintained  for  the  remainder  of  the  experiment  which  terminated  on 
day  28  (table  4,D).  It  is  apparent  that  3  factors  were  varied  in  the  treatment  of  this 
group  of  animals:  (a)  increasing,  rather  than  uniform  dosages  of  estrogen  were  em^ 
ployed  in  the  period  of  priming,  and  the  total  given  in  this  period  was  nearly  double 
that  in  the  first  group;  (b)  the  amount  of  estrogen  given  daily  was  sharply  lowered 
when  the  period  of  simultaneous  estrogen^progesterone  treatment  was  begun  and 
(c)  the  total  and  daily  dosage  of  progesterone  was  greater  than  in  the  first  experi- 
ments.  Table  5  gives  a  summary  of  the  experimental  procedures. 

Biopsies  were  secured  by  laparotomy  within  24  hours  following  the  period  of 
observation  and  treatment.  The  specimens  of  tissue  were  fixed  in  Bouin’s  fluid  im- 
mediately  upon  removal  from  the  corpus  uteri,  but  due  to  technic,  this  was  not  within 
the  5  seconds  from  the  moment  of  making  the  uterine  incision  as  was  done  by 
Bartelmez  (34).  The  sections  were  stained  with  hematoxylin  and  eosin,  and  their 
treatment  from  the  first  moment  of  fixation  was  identical  with  that  of  the  human 
tissues  of  the  previously  reported  study. 

The  microscopic  study  was  made  with  the  aid  of  the  oil  immersion  objective, 
(N.A.  1.30)  and  with  12.5X  and  25X  oculars.  The  photographs  were  made  on  Wratten 
plates,  and  a  K  3  filter  was  used  with  all  of  them.  The  camera  lucida  drawings  are  the 
work  of  Miss  Susan  Wilkes  of  the  Department  of  Illustration. 

The  general  histologic  description  of  these  tissues,  and  data  on  the  sex  skin  re^ 
actions  and  bleeding  following  hormone  withdrawal,  will  be  published  in  separate 
papers. 
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RESULTS 

The  epithelial  and  stromal  nuclei  in  the  following  account  are  described  sepa^ 
rately  and  then  compared  in  each  of  the  groups  of  experimental  tissues. 

of  Castrate  Endometrium 

Epithelial  nuclei.  The  epithelial  nuclei  were  uniformly  elongated  and  oval  in  form 
in  the  pseudostratified  epithelium,  and  were  pale  staining  (plate  i,  fig.  lE).  The 
nuclear  membrane  was  thin,  the  network  thin  and  fragile,  and  the  nucleoplasm  clear 
or  faintly  basophilic.  The  nucleoplasm  appeared  to  have  fine  dustlike  particles  of  pale 
staining  chromatic  material  throughout.  One  and  sometimes  two  nucleoli  were  pres' 
ent,  and  their  staining  reaction  varied  with  no  apparent  consistency,  i.e.,  some  were 
black,  others  red  or  red'purple,  some  pale  pink,  or  they  were  clear  and  delimited  by  a 
thin  rim  of  chromatic  material.  In  3  of  the  different  animals,  a  faintly  acidophilic 
staining  reaction  of  the  chromatin  was  noted.  The  length  of  the  period  of  castration 
may  or  may  not  have  been  concerned  with  the  fact  that  the  epithelial  nuclei  in  biop' 
sies  from  2  animals  6  weeks  after  castration  were  smaller  than  in  the  biopsies  from 
animals  castrated  for  shorter  periods  of  time. 

One  mitotic  figure  was  observed  lying  in  the  basal  area  of  the  cell  near  the  base' 
ment  membrane  of  the  gland. 

Stromal  nuclei.  The  closely  packed  heavily  stained  nuclei  of  the  stroma  in  en' 
dometrium  from  castrate  monkeys  varied  in  shape  from  a  pointed  elliptical  to  a  round 
form,  and  in  all  specimens  there  were  many  bizarre  shapes.  Within  the  heavily  stained 
nuclear  membrane  there  were  several  large  aggregates  of  dense  staining  chromatic 
substance  united  by  strands  of  chromatic  material.  The  nucleoplasm  was  free  of  small 
discrete  particles  of  chromatin  (plate  i,  fig.  iS).  Nucleoli  were  not  prominent;  this 
may  have  been  because  the  large  clumps  of  dense  staining  chromatin  were  crowded 
within  the  confines  of  the  small  nuclear  membrane,  and  the  contrast  between  nu' 
cleolus  and  the  remainder  of  the  internal  nuclear  structure  was  lessened.  The  nucleoli 
stained  red,  black,  pink  and  in  a  few  instances,  appeared  yellow.  No  mitotic  figures 
were  observed  in  the  stroma  of  these  tissues. 

Comparison  of  epithelial  and  stromal  nuclei.  A  strong  contrast  between  the  mor' 
phology  of  epithelial  and  stromal  nuclei  was  observed  in  the  unstimulated  endo' 
metrium  of  castrated  monkeys.  Under  none  of  the  other  experimental  conditions  in 
this  study  were  essential  differences  in  staining  reaction,  and  chromatin  distribution 
as  marked  as  in  this  group  of  tissues  from  castrated  animals  (plate  i,  fig.  lE  fe?  iS). 
The  stromal  nuclei  were  smaller  than  those  in  the  epithelium.  The  nuclei  in  the  en' 
dometrium  from  animals  biopsied  after  a  period  of  6  weeks  after  castration  were 
smaller  than  in  tissue  from  the  animals  which  had  been  castrated  for  shorter  periods 
of  time.  This  may  not  have  been  a  result  of  the  lapse  of  time,  however,  as  the  tissues 
obtained  at  the  end  of  3,  4  and  5  weeks  following  castration  did  not  uniformly  show 
gradations  toward  smaller  size. 

J^uclei  in  the  Endometrium  of  Castrate  Animals  Treated  with  Progesterone  Alone 

Epithelial  nuclei.  The  rounded  and  elongated  forms  of  the  nuclei  in  the  epithelium 
of  endometrium  from  castrated  monkeys  treated  with  progesterone  alone,  were  pale 
in  their  staining  reaction.  The  thickness  of  the  nuclear  membrane  was  variable,  but 
usually  it  was  thin.  The  intranuclear  network  was  distinct,  even  though  pale  in  its 
staining  reaction  (plate  i,  fig.  2E).  The  pale  nucleoplasm  contained  some  fine  dust' 
like  particles  of  chromatic  material.  Tne  nucleoli  were  pink,  and  varied  in  number 
within  the  nuclei.  In  some  instances  there  was  a  peripheral  layer  of  basic  chromatic 
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substance  about  these  nucleoli.  In  some  nuclei  clumps  cf  pale  chromatin  appeared  at 
intervals  along  the  network.  One  mitotic  figure  was  observed  in  the  basal  end  of  an 
epithelial  cell;  several  rounded  nuclei  occurred  in  the  same  relative  region  of  other 
epithelial  cells. 

Stromal  nuclei.  The  response  of  the  stromal  nuclei  to  the  presence  of  progesterone 
in  the  amounts  employed  in  this  experiment  varied.  The  nuclei  were  slightly  larger 
in  size,  and  the  thickness  of  the  nuclear  membrane  varied,  being  thick  and  heavily 
stained  in  some,  and  thinner  and  more  palely  stained  in  other  nuclei.  The  clumps 
of  chromatic  material  were  more  widely  spaced,  and  the  strands  connecting  them  were 
visible  (plate  i,  fig.  2S).  The  intensity  of  the  staining  reaction  of  the  chromatin  like- 
wise  varied.  The  nucleoplasm  was  clear  and  free  of  dustdike  particles  of  chromatin. 
The  pink  or  clear  nucleoli  were  surrounded  by  a  basophilic  rim  of  chromatic  material. 
No  mitotic  figures  were  observed  in  the  stroma. 

Comparison  of  epithelial  and  stromal  nuclei.  The  epithelial  nuclei  apparently  were 
more  modified  by  the  action  of  the  injected  progesterone  than  were  the  stromal 
nuclei.  The  degree  of  contrast  between  epithelial  and  stromal  nuclei  was  slightly  less 
in  this  group  of  tissues  than  in  the  group  from  untreated  castrated  animals  (plate  i, 
fig.  lE,  iS;  2E,  S). 


Nuclei  of  Endometrium  from  Castrate  Animals  Treated  with  Estrogen  Alone 

Epithelial  nuclei.  Regardless  of  the  length  of  the  period  of  treatment  with  estro- 
gen,  in  this  group  of  experiments,  the  nuclei  in  the  epithelium  of  the  endometrium 
from  these  animals  appeared  to  be  larger  than  in  tissue  from  untreated  castrate  ani- 
mals,  or  from  those  receiving  progesterone  alone.  There  was  no  apparent  correlation 
between  the  number  of  weeks  of  treatment  with  estrogen  and  the  size  of  the  epi¬ 
thelial  nuclei  (plate  1,  fig.  jE,  5E,  6E;  plate  3,  fig.  2,  3).  The  nuclei  were  elongated, 
with  rounded  ends,  except  in  instances  where  the  presence  of  vacuoles  in  the  cyto¬ 
plasm  was  such  as  to  flatten  the  ends.  The  thickness  of  the  nuclear  membrane  often 
appeared  to  be  greater  in  tissues  from  the  animals  treated  for  the  longer  periods  of 
time  with  the  estrogen  (plate  i,  fig.  3E,  6E).  The  membrane  and  the  intranuclear  net¬ 
work  stained  sharply  and  yet  heavily,  in  all  of  these  tissues.  The  prominent  nucleoli 
appearedas  black,  red  or  purple  structures.  The  meshes  of  the  chromatin  network  were 
wide,  and  at  the  intersections  of  the  strands  often  there  were  aggregates  of  chromatin 
of  varying  size.  The  clearly  visible  nucleoplasm  was  relatively  free  of  chromatin  par¬ 
ticles  and  stood  in  sharp  contrast  with  the  chromatin  network.  An  abundance  of 
mitotic  figures  in  the  distal  ends  of  epithelial  cells  were  observed. 

Stromal  nuclei.  The  stromal  nuclei  in  this  group  of  tissues  were  also  larger  than 
those  in  either  of  the  first  two  types  of  tissue  (cf.  plate  i,  fig.  iS,  2S  with  3S,  5S,  6S). 
Their  size  varied  from  tissue  to  tissue  with  no  apparent  relation  to  the  length  of  the 
period  of  treatment  with  the  estrogen.  The  heavy  nuclear  membrane,  the  chromatin 
network  and  the  nucleoli  stained  sharply  with  hematoxylin.  The  size  of  the  meshes 
between  the  chromatin  network  in  the  nuclei  varied  from  animal  to  animal,  and 
within  the  same  animal.  The  contrast  in  the  size  of  the  mesh  in  the  stromal  nuclei  in 
a  single  specimen  might  be  marked  in  one  specimen,  minimal  in  another  (plate  i, 
fig.  3S,  5S,  6S).  Aggregations  of  chromatin  of  various  sizes  appeared  at  some  of  the 
intersections  of  the  chromatin  network.  The  nucleoplasm  was  free  of  discrete  chro¬ 
matin  particles.  The  nucleoli  appeared  as  prominent  structures  staining  black,  red, 
pink  or  purple.  In  a  few  instances  all  of  the  chromatin  had  a  slight  acidophilic  staining 
reaction.  Mitotic  figures  occurred  in  large  numbers  in  the  stroma  of  this  group  of 
tissues. 
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Plate  I.  All  drawings  were  made  with  the  aid  of  a  camera  lucida,  oil  immersion  lens  and 
25X  OCULARS.  All  tissues  were  fixed  in  Bouin's  fluid  and  stained  with  hematoxylin  and  eosin.  Magnifica* 
tion  ij6y. 

lE  and  iS.  Gland  and  stromal  cells  from  endometrium  of  M.8,  6/9,  21  days  after  castration. 

2E  and  2S.  Gland  and  stromal  cells  from  endometrium  of  M.y,  7/2,  treated  for  21  days  with  i 
Rb.u.  progesterone  daily  beginning  21  days  after  castration. 

jE  and  jS.  Gland  and  stromal  cells  from  endometrium  of  M.ii,  7/28,  treated  with  100  r.u.  estrogen 
daily  for  14  days,  beginning  on  the  28th  day  after  castration. 
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Plate  1.  Camera  lucida  drawing  of  specimens  of  routine  laboratory  preparations  of  human 
ENDOMETRIUM.  Oil  immersion  lens  and  25X  oculars  used.  Tissues  fixed  in  Bouin's  fluid  and  stained  with 
hematoxylin  and  eosin.  Magnification  1J65. 

7E  and  7S.  Gland  and  stromal  cells  from  biopsy  specimen  of  human  endometrium  secured  on  the 
i8th  day  after  the  onset  of  the  last  menses,  and  10  days  prior  to  the  appearance  of  the  ensuing  menses. 
Laboratory  specimen  #4755. 

8E  and  8S.  Gland  and  stromal  cells  from  biopsy  specimen  of  human  endometrium  secured  on  the 
25th  day  after  the  onset  of  the  last  menses,  and  24  hours  before  the  ensuing  menses.  Laboratory  specimen 
#4630. 


Comparison  of  epithelial  and  stromal  nuclei.  The  degree  of  contrast  between  epi' 
thelial  and  stromal  nuclei  was  far  less  after  treatment  with  estrogen  than  it  was  in 
tissues  from  untreated  castrates  or  from  castrates  receiving  progesterone  alone  (plate  i, 
6g.  lE,  iS;  aE,  aS,  5E,  5S;  6E,  6S).  Many  of  the  stromal  nuclei  were  indistinguishable 
structurally  from  the  nuclei  of  the  epithelium  (plate  i,  fig.  jE,  3S;  6E,  68).  Those 
stromal  nuclei  which  did  not  resemble  the  epithelial  nuclei  differed  morphologically 
on  the  basis  of  the  size  of  the  mesh  of  the  intranuclear  network  (plate  i,  fig.  jE,  38). 
In  some  specimens  this  difference  was  marked,  in  others  it  was  less  prominent,  and 
scarcely  discernible  (plate  i  fig.  5E,  58).  Many  times  the  stromal  nuclei  appeared  to 
be  smaller  than  those  in  the  epithelium,  but  this  did  not  occur  consistently  (plate  i, 
fig.  5E,  58;  6E,  68). 

Comparison  of  nuclei  in  experimentally  produced  proliferative  endometrium  in 
castrate  monkeys,  with  those  of  human  proliferative  endometrium.  Figures  3E,  plate  i, 
and  7E,  plate  2,  are  camera  lucida  drawings  of  epithelial  nuclei  in  experimental  tissue 
and  in  human  tissue  respectively.  The  general  characteristics  of  nuclear  form,  i.e.. 


4E  and  4S.  Gland  and  stromal  cells  from  endometrium  of  M.4,  12/6,  treated  with  100  r.u.  estrogen 
daily  for  14  days,  followed  by  the  simultaneous  administration  of  100  r.u.  estrogen  and  2  ab.u. pro¬ 
gesterone  daily  for  14  days.  Treatment  began  n  weeks  after  the  end  of  preceding  experiments. 

5E  and  5S.  Gland  and  stromal  cells  of  endometrium  of  M.8,  6/jo,  treated  with  100  R.u.  estrogen 
daily  for  21  days,  beginning  21  days  after  castration. 

6E  and  6S.  Gland  and  stromal  cells  from  endometrium  of  M.3,  6/11,  ated  with  100  r.u.  estrogen 
daily  for  28  days  beginning  immediately  after  castration.  Animal  immature  at  the  time  of  castration. 
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Plate  j.  Photomicrographs  of  endometrium  made  on  wratten  plates  with  a  kj  filter  at  a 
MAGNIFICATION  OF  1015.  All  Specimens  were  fixed  in  Bouin’s  fluid  and  stained  with  hematoxylin  and 
eosin. 

Fig.  I.  Endometrium  from  M.io,  8/i,  J5  days  post<astration. 

Fig.  1.  Endometrium  from  M.g,  8/8,  castrated  and  treated  for  J5  days  with  loo  r.u.  estrogen 
daily. 

Fig.  j.  Endometrium  from  M.?,  7/ 1,  castrated  and  treated  for  41  days  with  100  r.u.  estrogen  daily. 

Fig.  4.  Endometrium  from  M.4,  8/1,  castrated  and  41  days  afterwards  primed  for  14  days  with 
100  R.u.  estrogen  daily  followed  by  simultaneous  doses  of  100  r.u.  estrogen  and  i  Rb.u.  progesterone 
daily  for  the  succeeding  14  days. 

Fig.  5.  Endometrium  from  M.io,  8/23,  treated  for  21  days  with  i  Rb.u.  progesterone  daily  be¬ 
ginning  J5  days  post-castration. 

Fig.  6.  Endometrium  from  M.12,  8/j,  primed  for  14  days  with  100  r.u.  estrogen  daily  and  subse¬ 
quently  treated  for  7  days  with  simultaneously  injected  estrogen,  100  r.u.,  and  progesterone,  i  Rb.u. 
daily. 

Fig.  7.  Endometrium  from  M.4,  12/6,  primed  for  14  days  with  100  r.u.  estrogen  daily,  and  subse¬ 
quently  treated  with  100  r.u.  estrogen  and  2  Rb.u.  progesterone  daily  for  14  days. 

Fig.  8.  Endometrium  from  M.9, 1/  jo,  primed  with  2700  r.u.  estrogen  over  a  period  of  14  days,  and 
for  the  next  14  days  treated  with  15  r.u.  estrogen  and  3Rb.u.  progesterone  daily.  (See  footnote  to  table  4.) 

thick  nuclear  membrane,  prominent  nucleoli  and  a  wide-meshed,  coarse  chromatin 
network,  which  is  well-stained  and  has  aggregates  of  chromatin  at  some  of  its  inter¬ 
sections,  are  similar  in  the  two  tissues.  Both  specimens  have  the  general  histologic 
characteristics  of  the  proliferative  type  of  endometrium.  Figures  3S  and  7S,  plate  2, 
are  camera  lucida  drawings  of  stromal  nuclei  in  the  same  two  tissues.  The  essential 
characteristics  of  the  nuclei  are  the  same  in  the  two  specimens.  jE  and  3S,  plate  i, 
are  drawn  from  a  specimen  of  endometrium  secured  from  a  castrate  monkey  treated 
for  14  days  with  100  r.u.  of  estrogen  daily.  7E  and  7S,  plate  2,  are  drawn  from  a 
biopsy  specimen  of  human  endometrium  secured  on  the  i8th  day  of  a  28-day  cycle, 
and  was  classified  by  the  Department  of  Obstetrics  and  Gynecology  as  being  prolifer¬ 
ative  in  type. 
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J^uclei  of  Endometrium  from  Castrate  Animals  Primed  with  Estrogen  and  Treated  with 
Simultaneous  Injections  of  Estrogen  and  Progesterone 

Epithelial  nuclei.  Whether  due  to  physiologic  causes  or  to  mechanical  factors,  the 
nuclei  in  the  epithelium  of  castrate  animals  treated  with  estrogen  and  progesterone 
were  sometimes  rounded  in  form,  a  shape  not  observed  in  epithelial  nuclei  of  endo¬ 
metrium  from  animals  treated  with  estrogen  alone.  The  nuclei  appeared  to  vary  in 
size  from  tissue  to  tissue  and  within  the  single  tissue.  The  nuclear  membrane  was 
usually  thin,  and  the  staining  reaction  of  the  entire  nucleus  less  intense  than  in  the 
nuclei  of  tissues  from  animals  receiving  estrogen  alone.  The  chief  modification  in 
structural  characteristics  of  the  nuclei  in  this  group  of  tissues  was  the  loss  of  the  clear 
translucent  appearance  of  the  nucleoplasm,  which  was  obscured  by  the  fine,  close- 
meshed  chromatin  network,  and  the  presence  of  chromatin  particles  in  the  nucleo¬ 
plasm  (plate  I,  fig.  4E;  plate  3,  fig.  6, 7, 8).  Small  aggregates  of  chromatin  appeared  at 
the  intersections  of  the  close-meshed  network.  The  entire  chromatin  network  ap¬ 
peared  to  be  thin  and  deUcate  in  character  when  compared  with  the  broad,  coarse, 
well-stained  strands  of  the  wide-meshed  chromatin  network  seen  in  the  nuclei  of 
endometrium  from  animals  receiving  estrogen  only  (plate  i,  fig.  5E,  6E).  The  nucleoli, 
which  were  often  multiple,  varied  in  size,  and  in  staining  reaction,  appearing  as 
small  red,  purple  or  pink  structures,  usually  surrounded  by  a  well-defined  rim  of 
chromatic  material.  Mitotic  figures  occurred  in  the  epitheUal  cells. 

Stromal  nuclei.  The  stromal  nuclei  frequently  appeared  to  be  larger  than  those  in 
the  stroma  of  endometrium  of  animals  receiving  estrogen  alone  and  except  for  this 
difference  in  size,  their  structural  characteristics  were  often  similar,  i.e.,  the  nuclear 
membrane  was  thick,  the  chromatin  network  coarse  with  aggregates  of  chromatin  at 
the  intersections  of  the  strands  of  the  network,  the  nucleoli  were  prominent,  and  the 
nucleoplasm  clear  and  free  of  chromatin  particles  (plate  i,  cf.  3S  and  upper  nucleus 
of  4S).  The  remaining  stromal  nuclei  in  this  group  of  tissues,  which  differed  in  struc¬ 
ture,  were  characterized  by  a  thin  nuclear  membrane,  a  closer-meshed  delicate  net¬ 
work,  at  the  intersections  of  which  there  were  small  aggregates  of  chromatin,  and  a 
nucleoplasm  which  was  not  clear  and  translucent,  but  was  obscured  by  the  closeness 
of  the  chromatin  network  and  the  apparent  presence  of  chromatin  particles  distrib¬ 
uted  through  the  nucleoplasm  (plate  i,  4S,  lower  nucleus).  The  small  nucleoli  were 
often  multiple  and  were  purple,  pink  or  red  and  delimited  by  a  rim  of  chromatic  ma¬ 
terial.  There  were  mitotic  figures  in  the  stroma  of  the  tissues  in  this  group. 

Comparison  of  epithelial  and  stromal  nuclei.  Some  of  the  stromal  nuclei  were  prac¬ 
tically  identical  morphologically  with  the  epithelial  nuclei  (plate  i,  4S,  lower  nucleus, 
4E),  while  the  remaining  nuclei  in  the  stroma  resembled  the  nuclei  characteristic  for 
tissues  from  animals  receiving  estrogen  alone  (plate  i,  4S,  upper  nucleus  and  3S).  No 
attempt  was  made  to  ascertain  the  proportions  of  these  two  forms  of  nuclei  in  the 
stroma  of  these  tissues.  Some  of  both  types  occurred  in  each  microscopic  field  under 
oil  immersion.  In  a  number  of  the  specimens,  the  modified  stromal  nuclei  appeared  to 
stain  more  intensely  with  the  hematoxylin  than  the  epithelial  nuclei  which  they  re¬ 
sembled  (plate  I,  4S,  lower  nucleus  and  4E),  and  perhaps  because  of  this,  the  chroma¬ 
tin  appeared  more  abundant  in  the  stromal  than  in  the  epithelial  nuclei. 

There  were  an  insufficient  number  of  tissues  in  the  study  to  determine  any  rule 
of  response  of  the  nuclei  to  variations  in  the  modes  of  administration,  and  periods  of 
treatment  with  the  hormones  employed  in  this  study.  The  chromatin  network  with 
its  delicate  threads  and  small  meshes  may  become  so  thin  and  pale  in  its  staining  reac¬ 
tion  that  it  does  not  register  photographically  (plate  3,  fig.  4). 

Comparison  of  nuclei  in  experimentally  produced  secretory  endometrium  with  those 
of  human  secretory  endometrium.  Figures  4E,  plate  i,  and  8E,  plate  2,  are  camera 
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lucida  drawings  of  epithelial  nuclei  in  experimental  tissue  and  in  human  tissue  re- 
spectively.  The  general  characteristics  of  form,  i.e.,  thin  nuclear  membrane,  close- 
meshed  chromatin  network  and  small  aggregates  of  chromatin  at  the  intersections  of 
the  network,  are  similar  in  the  two  tissues,  which  have  the  general  histologic  char¬ 
acteristics  of  the  secretory  types  of  endometrium.  Figures  4S,  plate  i,  and  8S,  plate  2, 
are  camera  lucida  drawings  of  stromal  nuclei  from  the  same  experimental  and  human 
tissue.  There  is  an  apparent  discrepancy  in  si2e  between  the  nuclei  from  the  experi¬ 
mental  tissue  and  from  the  human  tissue,  but  the  essential  characteristics  of  the  lower 
nucleus  (4S,  plate  i),  which  has  a  fine-meshed  network,  are  the  same  as  those  of  the 
human  nuclei.  Figures  4E  and  4S,  plate  i,  are  cells  from  the  endometrium  of  a  castrate 
monkey  primed  for  14  days  with  100  r.u.  estrogen  daily,  and  subsequently  treated 
for  14  additional  days  with  simultaneous  doses  of  the  same  amount  of  estrogen  and 
2  ab.u.  of  progesterone  daily.  Figures  8E  and  8S,  plate  2,  are  cells  from  human  tissue 
secured  by  biopsy  on  the  25th  day  of  a  cycle  of  26  days  length.  The  specimen  was 
classified  by  the  Department  of  Obstetrics  and  Gynecology  as  being  the  secretory 
type  of  endometrium. 

DISCUSSION 

The  sensitivity  of  the  nuclei  in  the  endometrium  of  castrate  macaques  treated 
with  estrogen  alone  and  in  combination  with  progesterone  has  been  established  ex¬ 
perimentally.  The  structure  of  the  nuclei  in  endometrium  from  untreated  castrated 
macaques  did  not  vary  within  the  limits  of  this  experiment,  while  the  action  of 
progesterone  alone  on  such  nuclei  was  slight  in  the  epithelium,  negligible  in  the 
stroma.  The  action  of  estrogen  on  the  endometrium  of  castrated  macaques  consist¬ 
ently  produced  a  nuclear  form,  the  characteristics  of  which  were  intensified  the  longer 
the  period  of  treatment  with  estrogen  was  continued.  The  distribution  of  the  granu¬ 
lar  chromatin  in  the  nuclei  under  the  influence  of  estrogen  was  of  the  aggregate  type 
and  similar  to  that  observed  in  specimens  of  human  endometrium  which  were  prolifer¬ 
ative  in  character. 

The  sensitivity  of  endometrial  nuclei  was  demonstrated  especially  well  when 
their  form,  which  was  characteristically  seen  after  treatment  with  estrogen  alone, 
was  modified  by  the  addition  of  progesterone,  in  any  of  the  amounts  employed  in 
the  experiments,  to  the  daily  dose  of  estrogen.  There  was  no  clear-cut  relationship 
apparent  between  the  amount  of  progestercme  or  the  time  interval  of  administration 
and  the  extent  of  nuclear  modification.  The  typical  fine  or  diffuse  chromatin  observed 
in  some  secretory  and  menstrual  specimens  of  human  endometrium  was  not  present 
in  the  experimental  tissues  from  animals  treated  with  both  estrogen  and  progesterone. 
In  one  of  the  latter  groups  of  animals,  there  were  some  solidly  homogeneous  nuclei 
in  the  stroma  of  the  endometrium.  This  occurred  in  the  groups  of  animals  which  were 
primed  with  the  higher  dosage  of  estrogen,  followed  by  the  highest  dosage  of  proge¬ 
sterone  and  a  lowered  level  of  estogen  during  the  period  of  progesterone  administra¬ 
tion. 

The  tissues  from  the  experimental  animals  were  prepared  in  a  manner  identical 
with  that  employed  in  the  preparation  of  human  endometrium  by  the  laboratory  of 
the  Department  of  Obstetrics  and  Gynecology,  in  order  that  the  histologic  and  cy¬ 
tologic  findings  might  be  compared  in  the  experimental  and  clinical  tissue. 

SUMMARY 

After  fixation  in  Bouin’s  fluid  and  hematoxylin  staining,  morphologic  differences 
were  observed  in  a  cytologic  study  of  nuclei  in  endometrium  of  castrate  monkeys, 
and  of  castrate  monkeys  receiving  estrogen  and  progesterone,  alone  and  in  combina- 
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tion.  The  epithelial  nuclei  in  endometrium  from  castrated  monkeys  were  pale  staining 
and  characterized  by  a  thin  nuclear  membrane,  delicate  chromatin  network,  and 
chromatin  particles  scattered  throughout  the  nucleoplasm;  stromal  nuclei  were  heav' 
ily  stained  and  characterized  by  a  thick  nuclear  membrane  and  a  few  large  aggregates 
of  chromatin  united  by  strands  of  chromatic  material.  Following  estrogen  administra' 
tion  to  castrates,  both  epithelial  and  stromal  nuclei  were  characterized  by  thick  nu' 
clear  membranes,  prominent  nucleoli,  a  clear  nucleoplasm,  and  a  wide'meshed,  well 
stained  heavy  chromatin  network.  After  administration  of  progesterone  alone  to 
castrate  monkeys,  the  stromal  nuclei  were  no  different  morphologically  from  nuclei 
in  endometrium  of  untreated  castrates;  the  epithelial  nuclei  contained  a  more  promi' 
nent  network  than  that  observed  in  epithelial  nuclei  in  the  untreated  castrate,  but 
the  staining  reaction  was  as  pale  as  in  the  untreated  animal.  Nuclei  in  endometrium 
from  castrated  animals  primed  with  estrogen  and  treated  with  both  estrogen  and 
progesterone  were  characterized  by  a  thin  nuclear  membrane,  a  delicate  chromatin 
network  whose  fine  meshes  obscured  the  nucleoplasm,  and  small  aggregates  of  chro' 
matin  at  the  intersections  of  the  chromatin  net.  Nuclei  in  human  endometrium  of  the 
proliferative  type  resemble  nuclei  in  the  endometrium  from  experimental  animals  re^ 
ceiving  estrogen  only.  Some  specimens  of  the  secretory  type  of  endometrium  from 
women  have  nuclei  which  morphologically  resemble  the  nuclei  in  endometrium  of 
experimental  animals  treated  with  both  estrogen  and  progesterone. 
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THE  SPECIFIC  METABOLIC  PRINCIPLE 
OF  THE  PITUITARY 

ROBERT  N.  FEINSTEIN  and  EDGAR  S.  GORDON 
From  the  Department  of  Physiological  Chemistry,  University  of  Wisconsin 

MADISON,  WISCONSIN 

That  the  pituitary  can  exert  a  control  on  heat  metabolism  other  than  by  the 
thyrotropic  hormone  has  been  indicated  by  the  work  of  many  laboratories. 
Gaebler  (i,  2)  in  1933  reported  that  a  growth  promoting  fraction  of  beef 
anterior  lobes  produced  “all  its  characteristic  effects”  (on  metabolism)  in  thyro' 
parathyroidectomized  bitches  kept  in  good  condition  by  means  of  parathormone. 
In  normal  dogs,  he  obtained  slight  increases  in  metabolic  rate  3  hours  after  injection. 
The  respiratory  quotient  simultaneously  dropped.  The  active  material  was  thermO' 
labile,  since  5  minutes  boiling  over  gauze  destroyed  its  efficacy. 

Diefenbach  (3),  using  rabbits,  guinea  pigs  and  rats,  reported  a  definite  rise  in  the  B.M.R. 
within  2  hours  after  subcutaneous  injection  of  a  thyrotropic  concentrate  of  the  anterior  pi- 
tuitary.  So  rapid  a  response,  of  course,  cannot  be  attributed  to  the  thyrotropic  hormone. 
Krogh  and  Okkels  (4)  confirmed  the  observation  and  also  made  histological  studies,  observing 
changes  in  the  Golgi  apparatus  of  the  thyroid  epithelial  cells,  which  they  interpreted  as  indi¬ 
cating  a  rapid  secretion  by  the  thyroid. 

Houssay  and  Artundo  (5)  injected  alkaline  extracts  of  pituitary  into  normal,  thyroidec- 
tomized,  hypophysectomized  and  thyrohypophysectomized  dogs.  In  all  cases  they  obtained 
definite  increases  in  metabolic  rate,  although  the  average  response  was  greater  in  the  case 
of  the  normal  dogs  than  in  any  of  the  operated  groups.  The  authors  nevertheless  concluded 
that  “I’augmentation  du  metabolisme  .  .  .  sous  Taction  de  Textrait  ante-hypophysaire  s'exerce 
par  Tintermediaire  de  la  thyrolde.” 

In  1935,  Gaebler  (6)  published  more  complete  data  than  in  his  previous  papers.  Using 
single  massive  doses  of  anterior  pituitary  preparations,  he  obtained  well  marked  rises  in  oxy¬ 
gen  consumption  in  both  normal  and  thyroidectomized  dogs.  His  data  led  him  to  state  that 
“direct  action  on  metabolism  by  a  substance  in  the  extract  appears  possible.”  The  suggestion 
advanced  by  Houssay  and  Artundo  (5)  that  the  calorigenic  effects  of  anterior  pituitary  ex¬ 
tracts  after  thyroidectomy  may  be  due  simply  to  reaction  to  injection  of  a  foreign  protein  is 
discounted  by  Gaebler  on  the  grounds  that  the  effect  on  metabolism  lasted  5  to  7  days  after 
single  injections  which  produced  no  induration  or  other  local  reaction. 

In  1936,  Riddle  et  al.  (7)  obtained  metabolic  stimulation  in  a  thyroidectomized  pigeon  by 
injection  of  a  prolactin-growth  preparation  of  anterior  pituitary. 

In  1937,  Collip  and  his  coworkers  began  a  more  thorough  study  of  the  question  and  in  the 
years  1937-40  published  some  twelve  papers  dealing  more  or  less  directly  with  what  they 
call  the  “specific  metabolic  principle”  of  the  pituitary  (8-11,  12-20).  During  the  course  of 
these  studies,  the  definite  conclusion  was  reached  that  the  pituitary  contains,  in  addition  to 
the  thyrotropic  hormone,  a  metabolic  stimulant  which  (a)  increases  the  oxygen  consumption 
and  decreases  the  respiratory  quotient  of  many  laboratory  animals  and  of  man,  (b)  is  more 
stable  and  faster  in  action  than  the  thyrotropic  hormone,  (c)  does  not  develop  a  resistance  to 
repeated  injections,  (d)  acts  in  thyroidectomized  animals,  (c)  does  not  produce  hyperplasia  of 
the  thyroid  gland  of  immature  guinea  pigs  and  (f)  is  apparently  to  be  distinguished  from  all 
other  known  pituitary  hormones. 

Since  such  a  rapid  acting  metabolic  stimulant  might  be  expected  to  exert  measur- 
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able  effects  on  the  oxygen  consumption  and  respiratory  quotient  of  isolated,  surviving 
tissues,  a  study  was  made  of  such  in  vitro  action,  always  controlling  the  pituitary 
extract  with  similarly  prepared  extracts  of  other  tissue,  usually  liver.  No  doubt 
chiefly  because  present  methods  of  purification  of  the  factor  leave  a  material  which 
is  at  best  very  impure,  results  obtained  from  such  studies  are  probably  without 
significance.  Any  of  the  various  extracts  of  pituitary  or  liver  would  consistently 
increase  the  oxygen  consumption  of  kidney  slices  and  occasionally  of  other  tissues. 
These  same  extracts  were  without  effect  on  the  respiratory  quotient  of  any  tissue 
tested  (minced  and  sliced  rat  kidney,  minced  rat  liver  and  muscle,  minced  rabbit 
muscle). 

Because  of  these  results,  the  question  arose  as  to  whether  the  in  vivo  effects 
previously  reported  might  possibly  be  no  more  specific  to  the  pituitary  than  the  in 
vitro  effects  we  had  found.  The  Collip  group  had,  to  be  sure,  controlled  their  pri' 
mary  work  (19)  with  injections  of  “crude  alkaline  extracts”  of  kidney,  liver  and 
muscle,  but  as  their  papers  described  further  concentration  of  the  pituitary  factor, 
no  mention  was  made  of  these  other  controls,  and  it  seemed  quite  possible  that  had, 
say,  a  liver  extract  been  similarly  concentrated,  an  equally  potent  stimulator  of 
metabolism  might  have  been  obtained.  On  this  basis,  the  in  vivo  studies  here 
reported  were  begun.  When  about  half  completed,  the  work  was  given  added  impetus 
by  the  appearance  of  the  paper  by  Teague  (21),  in  which  the  statement  was  made, 
referring  to  his  own  work,  that  “the  data  are  insufiicient  to  demonstrate  the  pres' 
ence  of  a  specific  metabolic  principle  of  the  hypophysis,  since  metabolic  stimulation 
was  produced  with  a  pituitary  extract  after  treatment  with  acid  and  after  tryptic 
digestion,  and  since  metabolic  responses  were  occasionally  seen  with  extracts  of 
muscle,  liver  and  kidney.” 


METHODS 

Determination  of  human  metabolism.  The  subjects  were  all  males,  ranging  in 
age  from  21  to  30.  Each  experiment  consisted  of  3  determinations  of  O2  consumption, 
each  being  run  in  duplicate.  Duplicate  determinations  never  varied  more  than  3  units 
of  B.M.R.  (%  deviation  from  prediction).  The  standard  conditions  of  basal  me^ 
tabolism  testing  were  carefully  observed.  The  first  determination  was  made  at  7:30 
A.M.  and  was  followed  by  a  single,  subcutaneous  injection,  either  2  or  4  cc.,  of  the 
sterile  extract.  Two  hours  and  4  hours  later  duplicate  determinations  were  again 
made.  Between  times  the  subject  did  no  manual  labor  and  partook  of  no  food.  Per' 
centage  increase  is  calculated  on  the  basis  of  calories  per  square  meter  per  hour. 

Determination  of  rabbit  metabolism  and  respiratory  quotient.  The  rabbits  were 
healthy  males,  weighing  usually  around  2  kg.  They  were  fed  a  standard  stock  ration 
until  2  days  before  use  in  a  metabolism  experiment.  The  food  was  then  removed,  but 
they  were  permitted  water  ad  libitum  at  all  times.  Some  experiments  were  performed 
on  fed  rabbits,  and  in  these  cases  the  animals  had  food  and  water  up  to  very  shortly 
before  the  experiment. 

The  metabolism  apparatus  used  was  a  modification  of  the  Haldane  open  circuit, 
gravimetric  type  (22).  The  chemicals  were  changed  after  every  30  hours  of  use. 
Room  temperature  was  maintained  at  26°  C.  The  usual  procedure  was  to  run  a  con' 
trol  determination,  remove  the  animal  from  the  chamber,  inject  him  subcutaneously 
with  the  extract  in  question,  immediately  replace  him  in  the  chamber,  and  begin  the 
first  test  hour.  At  the  end  of  this  hour  and  each  subsequent  hour,  the  animal  was 
removed  from  the  chamber  only  for  the  few  minutes  necessary  to  weigh  the  chemi' 
cals.  Then,  with  no  further  injection,  he  was  replaced  and  the  next  hour  begun.  In 
this  manner,  i  control  and  4  tests  were  run  for  each  experiment.  Since  approximately 
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15  minutes  elapsed  between  the  end  of  one  hour  and  the  beginning  of  the  next,  the 
animal  was  under  observation  for  5  hours  after  the  injection. 

B.M.R.  is  expressed  on  the  basis  of  calories  per  kg.  per  hour.  The  percentage 
increase  under  the  influence  of  an  extract  is  expressed  as  the  maximum  B.M.R. 
obtained  in  the  4  test  hours,  compared  to  the  control  test  run  before  the  injection. 

Extracts  used.  The  preparation  of  the  various  extracts  is  Usted  in  the  appended 
protocols.  In  general,  as  the  extract  number  progresses,  the  extracts  are  more 
purified.  Pituitary  and  liver  extracts  given  the  same  number  are  prepared  by  an 
identical  procedure.  The  Armour's  1094  is  a  concentrate  of  the  metabolic  factor, 
kindly  furnished  by  Dr.  E.  F.  Pike. 


The  data  are  summarized  in  3  tables.  Table  i  lists  the  experiments  on  human  sub' 
jects;  table  2,  the  work  on  rabbits  injected  with  pituitary  extracts;  and  table  3,  the 
studies  on  rabbits  injected  with  the  corresponding  liver  preparations. 

Although  table  i  contains  too  few  figures  to  warrant  drawing  any  positive  con' 

Table  1.  Metabolism  of  human  subjects 


Control 


Maximum 


Hour  of 


Subject 

Extract  injected 

Cal./m.Vhr. 

B.M.R. 

Cal./m.Vhr. 

B.M.R. 

%  Inc. 

Max. 

B.M.R. 

R.F. 

4  cc.  pit.  3 

J5-7J 

-3.5 

39.78 

+7.5 

II 

4 

4  cc.  liver  3 

38.38 

+1.5 

40.47 

+9.0 

5.5 

2 

4  cc.  1.3  M  succinate 

36.46 

-1-5 

38.  a6 

+3.5 

5 

2 

1  cc.  Armour's  1094 

36.97 

0 

38.81 

+5.0 

5 

4 

a  cc.  saline  placebo 

36.55 

-1.5 

37.09 

0 

I 

2 

D.M. 

a  cc.  Armour’s  1094 

33.84 

-9-5 

38.94 

+4.0 

15 

2 

a  cc.  pit.  7 

33.74 

-9-5 

38.65 

+3.5 

14.5 

4 

a  cc.  liver  7 

36.08 

-3-5 

37.83 

+1.5 

5 

2 

H.W. 

a  cc.  pit.  7 

35.97 

-4.5 

39.10 

+4.0 

9 

2 

a  cc.  liver  7 

35.15 

-6.5 

37.08 

-t.5 

5 

4 

L.M. 

a  cc.  liver  7 

38.57 

+6.5 

40.80 

-13.0 

6 

4 

elusions,  it  is  seen  that  in  all  the  cases,  the  pituitary  extract  caused  a  greater  increase 
in  metabohsm  than  did  the  control  liver  extract.  These  data  then  are  merely  con' 
firmatory  of  the  larger  body  of  results  on  rabbits. 

The  data  in  tables  2  and  3  appear  at  first  glance  to  indicate  quite  decisively  that 
the  pituitary  extracts  do  cause  increases  in  metabohsm  of  considerably  greater 
magnitude  than  effected  by  control  liver  extracts.  Of  17  animals  injected  with  pitui' 
tary  preparations,  1 1  showed  increases  of  1 5  %  or  greater,  and  8  of  these  had  increases 
of  20%  or  more.  Of  16  animals  injected  with  Uver  extracts,  only  2  reached  15% 
increases,  and  only  i  of  these  attained  20%.  Saline  placebos  never  caused  an  increase 
of  as  much  as  10%. 

Statistical  treatment  of  the  data,  although  still  indicating  greater  stimulation 
by  pituitary  than  by  liver  extracts,  apparently  tempers  these  results.  Such  analysis 
shows  that  in  the  case  of  the  Hver  injections,  the  mean  of  the  observed  increases 
would  be  expected  about  33  times  out  of  100  by  random  distribution,  while  the  mean 
of  the  results  of  the  pituitary  injections  would  be  expected  only  about  16  times  out 
of  100.  Thus  while  still  exhibiting  a  definite  difference  in  the  two  tissue  extracts, 
these  figures  are  by  no  means  as  striking  as  casual  inspection  of  the  data  indicates. 

The  interpretation  of  this  anomaly  is  an  interesting  side'light  on  the  action  of  the 
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Table  2.  The  effect  of  pituitary  extracts  on  the  R.Q.  and  B.M.R.  of  rabbits 


Animal 

Extract 

Nutri' 

tion 

Weight 

R.Q. 

Initial 

R.Q. 

Mini' 

mum 

R.Q. 

Hr.  of 
min. 
R.Q. 

Initial 

B.M.R. 

Maxi¬ 

mum 

B.M.R. 

Hr.  of 
max. 
B.M.R. 

%  In¬ 
crease  of 
B.M.R. 

gm. 

II 

1  cc. 

Starved 

1430 

.81 

•73 

3 

4.86 

4-31 

4 

—  II 

10 

fit.  8 

48  hr. 

1600 

•74 

•71 

4 

3-68 

3-41 

4 

-  7 

9 

1630 

.84 

•71 

4 

3-36 

4.01 

4 

19 

9 

1790 

.90 

•78 

3 

3.88 

4.  10 

4 

6 

12 

1940 

.87 

•78 

I.  3 

2.84 

3-39 

2 

26 

16 

3  cc. 

Starved 

1566 

.86 

.81 

J.  4 

341 

4-13 

2 

20 

15 

fit.  10 

48  hr. 

1660 

•79 

•74 

3 

3-41 

3-64 

2 

6 

13 

1817 

•93 

.80 

I 

3-03 

3.66 

4 

20 

18 

2071 

.88 

•79 

3.  4 

1-74 

4-33 

2 

66 

14 

2308 

.85 

•74 

4 

2.66 

3-65 

4 

37 

23 

23  mg. 

Fed 

1438 

•83 

•  83 

3.  4 

3-24 

2.87 

3 

—  II 

26 

fit.  12 

1849 

I.  10 

•84 

2 

3-33 

4.48 

2 

26 

22 

2012 

1.05 

•83 

4 

3-93 

4.68 

3 

30 

25 

1134 

•99 

.82 

2 

3-66 

3-93 

3 

8 

21 

2322 

•93 

•83 

3. 4 

3-63 

4-93 

3 

36 

23 

Intermed. 

Fed 

1805 

1.23 

1.12 

3 

2.58 

3-03 

3 

17 

21 

Intermed. 

Starved 
18  hr. 

2181 

•87 

.76 

2 

3-29 

3.82 

2 

16 

Table 

3.  The  effect  of  liver  extracts  on  the  R.Q. 

AND  B.M.R.  OF  rabbits 

Animal 

Extract 

Nutri¬ 

tion 

Weight 

Initial 

R.Q. 

Mini' 

mum 

R.Q. 

Hr.  of 
min. 
R.Q. 

Initial 

B.M.R. 

Maxi¬ 

mum 

B.M.R. 

Hr.  of 
max. 
B.M.R. 

%  In¬ 
crease  of 
B.M.R. 

gm. 

II 

4  CC. 

Starved 

1170 

.96 

.96 

I 

3.60 

3-47 

1 

-4 

liver  8 

48  hr. 

9 

1333 

•99 

.89 

I 

3-22 

3-31 

4 

9 

10 

1670 

.86 

•74 

1 

3-70 

3-34 

2 

-4 

12 

1931 

•87 

•78 

2 

2.97 

2.97 

3 

0 

12 

1993 

•  83 

4 

2.^ 

2.81 

4 

3 

17. 

5  cc. 

Starved 

1611 

•79 

•73 

3 

2.74 

3-03 

3 

II 

liver  10 

48  hr. 

16 

7.3  cc. 

1617 

•  83 

•73 

2 

3-34 

3-47 

3 

4 

15 

7.3  cc. 

1706 

•73 

•73 

I 

3-63 

3-33 

4 

-3 

19 

3  cc. 

2010 

.81 

•74 

I 

3.28 

3.81 

1 

16 

20 

3  cc. 

2080 

.88 

•77 

3 

3-13 

3-39 

I 

8 

13 

6.5  cc. 

2150 

.80 

•74 

2 

2-7J 

3-12 

2 

14 

23 

23  mg. 

Fed 

1726 

I. II 

1. 12 

3 

3-46 

3-32 

I 

-4 

liver  12 

26 

1742 

1.06 

•77 

1 

3-30 

4.22 

I 

20 

22 

1933  • 

•94 

•84 

4 

4.28 

4.46 

3 

4 

21 

2322 

1.03 

•87 

2 

3-6o 

3-79 

2 

3 

24 

2424 

•93 

.76 

3 

4-03 

4-37 

3 

8 

‘specific  metabolic  principle,’  for  it  emphasizes  the  very  erratic  nature  of  the  response. 
When  animals  do  respond,  they  usually  do  so  consistently  and  to  a  significant  degree; 
however,  occasional  animals  are  totally  unaffected.  Although  other  workers  (9,  21) 
have  pointed  out  this  peculiarity  in  the  response,  no  explanation  has  yet  been 
offered. 
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SUMMARY 

Although  the  response  to  pituitary  extracts  is  often  erratic,  and  though  sig' 
nificantly  increased  metabolism  is  occasionally  seen  after  the  injection  of  similarly 
prepared  extracts  of  liver,  the  data  presented  appear  sufficient  to  warrant  the  con¬ 
clusion  that  the  pituitary  does  contain  a  metabolic  stimulant  which  cannot  be 
obtained  from  similarly  prepared  extracts  of  liver. 

The  writers  wish  to  acknowledge  with  thanks  the  help  of  Professor  J.  A.  E.  Eyster  in  the  statistical 
analysis,  and  the  cooperation  of  Dr.  T.  C.  Sherwood  and  Mrs.  Elinor  Lauson  in  the  metabolism  deter¬ 
minations. 
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PROTOCOLS 

Pituitary  and  Liver  }{o.  3 .  Rabbit  liver  and  beef  pituitaries  minced  and  extracted  with 
boiling  0.25%  HOAc.  Filtrates  neutralized  and  resulting  precipitate  filtered  off  and  dis¬ 
carded.  Extracts  sterilized  by  passage  through  a  Seitz  filter. 

Pituitary  and  Liver  >{o.  7.  Hog  liver  and  beef  pituitaries  well  extracted  with  distilled 
water  at  room  temperature,  squeezed  through  muslin.  To  filtrate,  added  95%  alcohol  to  final 
concentration  of  70%.  Filtered  off  and  discarded  precipitate.  To  filtrate,  added  absolute 
alcohol  to  90%.  Precipitated  isoelectrically  (added  dilute  HCl  to  final  pn  about  5.5).  Centri¬ 
fuged.  Took  up  solids  in  water  and  sterilized  by  passage  through  a  Seitz.  One  cc.  extract 
equivalent  to  0.5  gm.  fresh  wet  tissue.  Dry  weight:  pituitary,  0.40%;  liver,  0.22%. 

Pituitary  and  Liver  7{o.  10.  Rabbit  liver  and  beef  pituitaries  minced,  extracted  with  wa¬ 
ter,  precipitated  by  70%  alcohol.  Filtrates  precipitated  by  90%  alcohol.  Acidified  as  usual, 
centrifuged,  took  up  in  water.  Added  NaOH  to  pn  10.  Heated  in  boiling  water  bath,  main¬ 
taining  pH  at  10.  Neutralized  before  use.  Dry  weight;  pituitary,  0.5%;  liver,  0.2%. 

Pituitary  and  Liver  T^o.  12.  (Prepared  partly  according  to  Denstedt)  (3).  Calf  liver  and 
carefully  dissected  anterior  lobes  of  beef  pituitary  minced  and  extracted  3  times  with  warm 
(55-60°  C.)  0.25%  HOAc,  then  once  with  n/io  NaOH  and  twice  with  distilled  water  at 
room  temperature.  To  combined  filtrates,  added  2  volumes  of  95%  alcohol.  Filtered  and  made 
to  80%.  Centrifuged  and  took  solids  up  in  water.  Lyophylized,  obtaining  dry  white  flakes 
which  were  later  readily  dissolved  or  suspended  in  water. 

Use  of  Pars  Intermedia.  Shook  the  air-dried  substance  in  a  little  water  and  sucked  the 
supernatant  fluid  into  the  syringe. 
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THE  EFFECT  OF  HYPOPHYSECTOMY  ON  THE  PER' 

CENT  AGE  OF  BODY  WEIGHT  PRESENT  AS  MUSCLE 

R.  A.  PHILLIPS  AND  H.  GILDER 
From  the  Department  of  Physiology,  Cornell  University  Medical  College 

NEW  YORK  CITY 

JACKSON  AND  LowREY  (i)  havc  determined  the  percentage  of  the  net  weight, 
(gross  weight  minus  the  weight  of  the  stomach,  intestines  and  bladder)  com- 
prising  skeletal  muscle  in  the  albino  rat.  In  males  over  70  days  of  age  this  value 
was  found  to  be  above  42%. 

Phillips  and  Robb  (2)  found  lower  glycogen  values  in  skeletal  muscle  in  hypo' 
physectomized  rats  than  in  their  litter 'mate  controls.  This  finding  would  lose  much 
significance  if,  after  hypophysectomy,  the  percentage  of  the  body  weight  present  as 
skeletal  muscle  was  increased.  Because  of  the  diminished  activity  following  hypo- 
physectomy  (3)  this  seemed  quite  unlikely.  However,  the  point  was  important  enough 
to  warrant  direct  study. 


METHODS 

Male,  Wistar 'Strain  rats  were  used  throughout.  They  were  killed  by  massive 
injections  of  Na  amytal  intraperitoneally.  After  removal  of  skin,  viscera,  subcutane' 
ous  fat  and  lymph  nodes,  the  carcass  was  weighed,  dropped  into  1%  NaOH  and 
heated,  just  below  boiling,  for  about  5  minutes.  The  remains  of  the  carcass  were  then 
washed  several  times  with  water  and  transferred  to  a  glass  plate.  The  remaining 
muscle  could  now  be  readily  removed,  as  wellas  the  contents  of  the  skull  and  vertebral 
column.  The  skeleton  was  weighed  before  drying,  and  this  weight  subtracted  from 
the  carcass  weight.  In  addition,  the  estimated  brain  and  spinal  cord  weights  (4) 
were  subtracted  from  the  carcass  weight.  The  ‘skeletal  muscle’  weight — including 
blood  vessels,  nerves  and  varying  amounts  of  fascia,  ligaments  and  tendons — was 
divided  by  the  weight  of  the  intact  animal  to  give  a  percentage  value.  While  it  is 
realized  that  this  is  but  an  approximation,  still  the  technic  used  was  identical  for  nor' 
mal  and  hypophysectomized  animals,  save  that  in  the  latter  the  muscle  was  scraped 
from  the  skull,  and  the  relative  values  are  probably  significant.  The  skulls  of  the 
hypophysectomized  rats  were  saved  for  histological  examination  of  serial  sections 
through  the  decalcified  brain  base  in  the  region  of  the  pituitary  fossa.  The  liver  and 
muscle  glycogen  values  included  were  determined  as  described  previously  (2). 

RESULTS 

Table  i  shows  the  percentage  of  the  body  weight  present  as  muscle  in  the  unop' 
erated  rat.  Results  in  hypophysectomized  rats  are  shown  in  table  2.  Fourteen  days 
after  hypophysectomy  the  percentage  of  the  body  weight  present  as  muscle,  after  a 
24  to  48'hour  fast,  is  still  within  the  normal  range.  However,  the  animals  studied 
more  than  40  days  after  hypophysectomy  seem  to  have  a  lower  percentage  of  muscle 
than  do  the  normal  rats.  Table  2  includes  5  animals  with  varying  amounts  of  anterior 
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Experiment 

No. 

Treatment* 

Wt.  in  gm. 
at  killing 

%  body  wt.  present  as 

%  glycogen  in 

Liver 

Muscle 

Liver 

Muscle 

4 

A 

198 

3.01 

45-12 

3-48 

0.58 

6 

A 

276 

3-69 

47.10 

4.80 

0.65 

7 

A 

257 

4-14 

43-13 

4-53 

0.76 

8 

A 

245 

3.74 

42-92 

4.26 

0.71 

9 

A 

310 

3-23 

46.72 

4-33 

0.61 

10 

A 

254 

3.26 

43-45 

3-87 

0.65 

II 

A 

298 

3-74 

44-93 

4-41 

0-59 

15 

A 

250 

3-70 

46.11 

3-57 

0-54 

16 

A 

283 

3.26 

44-94 

3-39 

0.63 

17 

A 

332 

3-40 

47-98 

3-II 

0-59 

22 

A 

263 

3-30 

46.19 

3-38 

0.70 

23 

A 

244 

3-40 

43-47 

4.06 

0.65 

28 

B 

240 

2.78 

46.38 

0.12 

0-37 

30 

B 

256 

2. 61 

46.58 

O.Il 

0-49 

43 

B 

279 

2.84 

47-30 

0.28 

0.40 

*  A — Unfasted. 

B  — Fasted  for  14  to  48  hours. 

C — ^Killed  j  to  4  hours  after  10%  or  jo%  glucose  preceded  by  14  to  48'hour  fast. 


lobe  tissue  present  and  it  is  noted  that  although  the  liver  and  muscle  glycogen  values 
are  in  the  normal  range,  the  percentage  of  body  weight  present  as  muscle  is  not  sig' 
nificantly  different  from  the  hypophysectomized  animals. 

Since  hypophysectomy  decreases  the  metabolic  rate  (5)  similar  observations  on  4 
thyroidectomized  rats  are  included  (table  3).  No  decrease  in  the  percentage  of  the 
body  weight  present  as  muscle  was  found  14  days  after  thyroidectomy. 


Table  2.  Hypophysectomized  male  rats 


Experi¬ 

ment 

No. 

Treat¬ 

ment* 

Age  since 
hypophysec¬ 
tomy 

Wt.  at 
operation 

Weight  at 
killing 

%  body  wt. 
present  as 

Glycogen  in 

Liver 

Muscle 

Liver 

Muscle 

days 

gm. 

gm. 

%  • 

% 

5’ 

A 

52 

180 

159 

3-56 

43-14 

6.10 

0.63 

12 

A 

55 

190 

163 

2.49 

43-76 

0-77 

0.48 

13 

A 

47 

115 

9* 

3-21 

39-01 

1.64 

0.40 

I4‘ 

A 

49 

92 

86 

3-40 

41.09 

4.56 

0.60 

i8» 

A 

59 

83 

158 

3.67 

44-25 

4-17 

0.63 

19 

A 

59 

93 

80 

2.88 

43-02 

1.22 

0-35 

20 

B 

64 

89 

85 

40.22 

O.I? 

0.26 

21 

B 

64 

112 

97 

2.52 

41.19 

0-13 

0.28 

27* 

B 

75 

242 

217 

2.76 

47-20 

0.20 

0-53 

2^ 

B 

75 

258 

238 

1.30 

48.78 

0.16 

0.55 

31 

C 

52 

155 

*14 

2.87 

41.72 

0.32 

0-39 

33 

C 

50 

1 19 

106 

2.60 

39-73 

0.52 

0-43 

34 

C 

50 

116 

93 

2.52 

37-97 

0.38 

0.22 

II6 

C 

269 

180 

*41 

2.39 

41.60 

0. 18 

0-44 

117 

C 

269 

188 

134 

2.39 

43-50 

0-37 

0.44 

I18 

A 

269 

185 

144 

2.52 

41.90 

0.20 

0.46 

119 

C 

14 

*93 

*47 

2.84 

47-20 

0.29 

0.32 

121 

C 

*4 

175 

149 

2.20 

43-10 

0-33 

0.26 

122 

C 

14 

206 

159 

2.21 

45-50 

0.46 

0-35 

*  See  footnote  table  i. 

*  Anterior  lobe  tissue  present. 
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Table  3.  Thyroidectomized  male  rats 


Ex  peri' 
ment 
No. 

Treat' 

merit* 

Age  since 
operation 

Wt.  at 
operation 

Wt.  at 
killing 

%  body  wt. 
present  as 

Glycogen  in 

Liver 

Muscle 

Liver 

Muscle 

days 

gw». 

gm. 

% 

% 

125 

A 

14 

177 

171 

a. 85 

44-63 

0.15 

0-33 

126 

A 

14 

145 

110 

3-09 

45-77 

o.ii 

0.20 

123 

C 

*4 

181 

159 

3-25 

47-74 

2.02 

0.61 

124 

C 

14 

80 

94 

3-46 

45-40 

1.96 

0.75 

’  Sec  footnote  table  i. 


Table  4.  Normal  male  rats  given  dinitrophenol 


Experiment 

No. 

Treat¬ 

ment* 

Wt.  at  first 
injection 

1 

Wt.  at 
killing 

%  body  wt.  present  as  j 

1  Glycogen  in 

Liver 

Muscle 

Liver 

Muscle 

gm. 

gm. 

2-89  1 

% 

% 

39 

B 

j88 

274 

46.29 

0.05 

0.32 

44 

B 

165 

250 

2.81 

48. 12 

O.IO 

o.yo 

46 

B 

359 

347 

2.88 

44-70 

0.08 

0.45 

35 

C 

335 

2^ 

2-73 

44.00 

2.98 

0.64 

37 

C 

168 

256 

2-73 

44.78 

2.10  i 

0.54 

38 

C 

179 

167 

2.88 

45.86 

1.67 

0.66 

Received  4  doses  of  o.iii  cc.  per  100  gm.  body  weight  of  0.5%  Na  dinitrophenol  subcutaneously 
at  8'hour  intervals.  Last  dose  6  to  8  hours  before  killing. 

*  See  footnote  table  i . 


Table  5.  Hypophysectomized  male  rats  given  dinitrophenol 


Experi¬ 

ment 

No. 

Treat¬ 

ment* 

Age  since 
operation 

Wt.  at 
operation 

Wt.  at  first 
injection 

Wt.  at 
killing 

%  body  wt 

Liver 

.  present  as 

Muscle 

days 

gm. 

gm. 

gm. 

36 

B 

69 

222 

146 

142 

2.60 

50.68 

40 

B 

no 

187 

142 

*37 

2-39 

45-40 

42* 

B 

no 

*95 

220 

209 

2-55 

44-20 

41* 

B 

106 

3*2 

306 

293 

2.76 

47-20 

41* 

B 

106 

3*6 

3*0 

294 

2-73 

48.20 

48 

B 

70 

170 

126 

110 

2.81 

43-50 

49 

C 

70 

150 

*43 

*34 

2.90 

44-40 

50 

C 

70 

*47 

*43 

138 

2-44 

40.70 

*  See  footnote  table  i. 

’  Anterior  lobe  tissue  present. 


Dinitrophenol  increases  the  metabolism  of  fat  (6),  and  should  therefore  increase 
the  percentage  of  the  body  weight  present  as  muscle.  Tables  4  and  5  indicate  that  this 
may  have  occurred  with  the  dosage  administered  in  the  hypophysectomized  rat,  but 
there  is  no  significant  change  in  the  normal  rat. 

Values  for  the  percentage  of  the  body  weight  present  as  liver  are  included  and 
verify  the  observations  of  Lee  and  Ayres  (7). 

SUMMARY 

Experiments  are  presented  that  show  that  the  percentage  of  the  body  weight 
present  as  muscle  is  not  increased  after  hypophysectomy. 
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METABOLISM  STUDIES  IN  THE  ALBINO  RAT 


THE  RELATION  OF  AGE,  NUTRITION  AND  HYPO' 
PHYSECTOMY  ON  THE  ABSORPTION  OF  DEXTROSE 
FROM  THE  GASTROINTESTINAL  TRA.CT 

R.  A.  PHILLIPS  AND  H.  GILDER 
From  the  Department  of  Physiology,  Cornell  University  Medical  College 

NEW  YORK  CITY 

Phillips  and  Robb  (i)  reported  that  the  intestinal  absorption  of  dextrose  was 
decreased  in  young  hypophysectomized  rats.  The  experiments  reported  below 
were  performed  to  ascertain  what  effect  age  and  nutrition  had  on  this  absorp- 
tion  in  normal  and  hypophysectomized  rats. 

METHODS 

Male  rats  of  the  Wistar  strain  were  used  in  these  experiments.  They  were  kept 
under  identical  conditions  at  a  room  temperature  of  27°-28°  C.  Hypophysectomy  was 
performed  by  the  technic  of  Richter  and  Wislocki  (2).  The  success  of  the  operation 
was  verified  by  study  of  serial  sections  through  the  decalcified  brain  base  in  the  pitui' 
tary  region.  From  one  to  two  weeks  before  operation  some  of  the  rats  who  were  sub' 
sequently  hypophysectomized  and  their  controls  were  placed  on  the  following  dry 
diet  ad  libitum. 

Cm.  or  cc. 


Skim  milk  powder  (Merrel  Soule)  378 

Dextrose  248 

Dextrin  248 

Corn  oil  (Mazola)  100 

Salt  Mixture  (McCollum  and  Simmonds)  14 

Yeast  vitamin  concentrate  (Harris)  4 

Irradiated  ergosterol  U.  S.  P.  (10,000  Vitamin  D  units  per  gm.)  4 

Carotene  (7500  new  U.  S.  P.  units  Vitamin  A  per  gm.)  4 

1000 

Water  725 


When  water  is  added  to  the  dry  diet,  a  mixture  is  obtained  which  is  of  suitable  con' 
sistency  for  administration  by  stomach  tube.  The  kilogram'calories  per  gram  of  dry 
and  of  liquid  diet  are  approximately  4.3  and  3.1,  respectively.  The  ratio  of  protein  to 
carbohydrate  to  fat  is  1.0:5.0:0.78. 

Six  groups  of  animals  were  studied:  (i),  normal  rats  eating  Tioga  Chow  ad  libitum; 
(2),  normal  rats  eating  the  above  dry  diet  ad  libitum;  (3),  hypophysectomized  rats 
eating  Tioga  Chow  ad  libitum;  (4),  hypophysectomized  rats  eating  the  dry  diet  ad 
libitum;  (5),  normal  rats  given  the  above  liquid  diet  (force  fed);  (6),  hypophysectcn 
mized  rats  given  the  liquid  diet  (force  fed). 

Because  of  the  small  amount  of  roughage  in  the  diet  described  above  the  rats 
frequently  developed  a  diarrhea  during  the  first  few  days  following  the  change  of 
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diet.  Hence  they  were  first  placed  on  the  dry  diet  ad  libitum  and  stomach  tubing 
was  never  started  until  any  diarrhea  disappeared.  Hypophysectomized  rats  have  been 
kept  for  over  a  year  on  this  diet. 

The  diet  was  administered  to  the  force  fed  animals  by  stomach  tube  (number  8 
or  10  soft  rubber  urethral  catheter)  2  times  a  day.  Approximately  5  cc.  per  100  gm. 
body  weight  was  given  every  feeding,  the  administration  being  varied  with  individual 
animals  so  that  there  was  not  more  than  a  2'gram  increase  in  weight  per  day.  Under 


0  100  200  300  400 

BODY  WEKiHT  IN  GMS. 


Fig.  1.  Intestinal  absorption  of  dextrose. 

these  conditions,  although  the  dry  diet  was  always  available,  none  of  it  was  eaten  by 
the  rats. 

The  rats  were  killed  2  to  3  weeks  after  operation  and  intestinal  absorptions  were 
measured.  The  non^operated  litter  mates  were  studied  on  the  same  day.  After  a  24' 
hour  fast  (the  time  being  approximate  for  the  animals  eating  ad  libitum)  definite 
amounts  of  dextrose  were  fed  by  stomach  tube.  Six-tenths  of  a  gram  of  dextrose  per 
100  gm.  body  weight,  in  a  30%  solution  was  given  to  all  animals,  save  for  the  hypo- 
physectomized  animals  eating  ad  libitum.  This  group  were  found  to  absorb  more  dex' 
trose  if  given  0.4  gm.  per  100  gm.  body  weight,  in  a  20%  solution.  Three  hours  after 
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the  dextrose  was  given,  the  animals  were  killed  by  the  administration  of  i  cc.  of  a 
10%  solution  of  Na  amytal,  intraperitoneally.  Dextrose  remaining  in  the  stomach 
and  trachea,  and  that  remaining  in  the  intestine,  was  determined,  after  removing  these 
viscera  to  separate  beakers,  as  described  by  Barnes  et  al.  (3).  Sodium  fluoride  was 
added  to  the  perfused  water.  The  proteins  were  precipitated  with  10  cc.  of  an  apprO' 
priate  ZnS04  solution  followed  by  10  cc.  of  0.75  n  NaOH  (4).  The  solutions  were 
diluted  to  an  appropriate  volume  and  the  glucose  therein  analyzed  by  the  method  of 
Shaffer  and  Hartmann  (5). 


RESULTS 

The  results  are  shown  in  figure  i.  No  significant  differences  were  noted  in  the 
intestinal  absorptions  of  the  rats  when  eating  the  prepared  dry  diet  or  Tioga  Chow 


Fig.  2.  Intestinal  absorption,  normal  male  rats. 


ad  libitum.  Consequently,  groups  i  and  2  (see  methods)  are  charted  together;  likewise 
groups  3  and  4  are  not  separated.  As  the  unoperated  rats  became  older  and  heavier 
their  intestinal  absorption  decreased.  When  they  weighed  over  250  gm.  their  absorp' 
tion  reached  a  low  and  apparently  constant  level.  The  hypophysectomized  rats  eating 
ad  libitum  had  intestinal  absorption  values  comparable  to  these  older  rats.  However, 
the  young  hypophysectomized  stuffed  rats  had  intestinal  absorption  values  in  the 
same  range  as  did  their  unoperated  cotfitrols  (fig.  i). 

Forced  feeding  in  young,  j-month'old,  normal  rats  resulted  in  an  increase  in  the 
intestinal  absorption,  whereas  there  was  no  increase  in  a  group  of  9  to  lo-month^old 
rats  weighing  over  250  gm.  which  were  stuffed  in  a  similar  manner  (fig.  i). 
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DISCUSSION 

Numerous  authors  have  maintained  that  intestinal  absorption  should  be  related 
to  surface  area,  not  to  body  weight.  However,  large  variations  have  been  reported 
when  the  absorption  of  glucose  is  related  to  surface  area  (6,  7).  We  have  found  that 
neither  method  is  satisfactory.  In  figure  2  the  intestinal  absorption  values  of  the 
normal  rats  charted  in  figure  i  have  been  related  to  body  surface  using  the  formula 
of  Carman  and  Mitchell  (8).  It  is  evident  that  the  relation  between  absorption  and 
surface  area  is  not  a  constant  one.  However,  there  is  a  definite  decrease  in  absorption 
with  increasing  age.  The  surface  area  of  the  hypophysectomized  rat  is  not  known,  but 
since  force  feeding  results,  in  some  instances,  in  a  100%  increase  in  their  ability  to 
absorb  ingested  glucose,  it  is  probable  that  there  is  no  more  correlation  between 
surface  area  and  intestinal  absorption  in  these  animals  than  in  the  normal. 

MacKay  et  al.  (7,  9)  have  discussed  the  importance  of  the  stomach  as  a  reservoir 
in  glucose  absorption.  We  had  hoped  to  gain  information  on  the  influence  of  the 
emptying  of  the  stomach  on  intestinal  absorption  by  determining  glucose  in  the  stom- 
ach  and  intestine  separately.  But  variations  in  the  amount  of  glucose  remaining  in  the 
stomach  and  intestine  were  not  constant  within  the  group  of  rats,  and  these  variations 
did  not  result  in  predictable  changes  in  intestinal  absorption.  Thus  in  the  majority 
of  the  normal  rats  and  in  the  force  fed  hypophysectomized  rats  there  was  little  glucose 
in  the  intestine  on  killing  whereas  hypophysectomized  rats  eating  ad  libitum  usually 
had  more  glucose  in  the  intestine.  However,  the  reverse  was  true  in  occasional  in' 
stances.  It  is  conceivable  that  the  pylorus  may  open  at  the  time  of  killing  in  some 
animals,  resulting  in  a  considerable  amount  of  glucose  being  found  in  the  intestine. 
There  is  no  way  of  demonstrating  this  point  and  therefore  no  conclusions  can  be 
drawn. 

These  experiments  show  that  it  is  possible  for  hypophysectomized  rats  to  absorb 
glucose  in  normal  amounts,  by  merely  increasing  their  food  intake.  One  may  conclude 
that  there  is  nothing  inherently  at  fault  in  their  absorbing  mechanism  in  the  gastro' 
intestinal  tract. 

SUMMARY 

The  intestinal  absorption  of  dextrose  by  normal  male  rats  decreases  as  the  animals 
become  older  until,  finally,  a  wide  plateau  is  reached.  The  intestinal  absorption  of 
hypophysectomized  male  rats  is  within  the  range  of  this  plateau. 

The  administration  of  a  larger  amount  of  food  (by  stomach  tube)  than  the  rats 
would  voluntarily  take  results  in  an  increased  ability  to  remove  dextrose  from  the 
gastro'intestinal  tract  in  young  normal  male  rats  and  in  hypophysectomized  male  rats. 
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FURTHER  PURIFICATION  OF  THE  GROWTH  HORMONE 
OF  THE  ANTERIOR  PITUITARY' 


HEINZ  L.  FRAENKEL  CONRAT,  DONALD  L.  MEAMBER, 
MIRIAM  E.  SIMPSON  and  HERBERT  M.  EVANS 
From  the  Institute  of  Experimental  Biology,  University  of  California 

,  BERKELEY,  CALIFORNIA 

^LTHOUGH  EXPERIMENTALLY  produccd  overgTowth  and  undergrowth  of  the 
body  gave  convincing  proof  of  the  endocrine  ‘contror  of  growth  by  the 
A.  jV  anterior  pituitary,  the  existence  of  a  ‘growth  hormone’  as  a  specific  chemical 
entity  has  been  challenged.  The  unquestioned  increases  in  body  weights  and  dimen^ 
sions  which  follow  the  administration  of  certain  anterior  pituitary  extracts  have  been 
looked  upon  as  additive  or  synergistic  effects  from  other  specific  pituitary  hormones. 
One  of  us  (i)  has  answered  this  contention  elsewhere  but  it  must  be  admitted  that 
final  proof  that  the  growth  hormone  represents  a  separate  entity  can  be  obtained  only 
by  chemical  separation  of  this  hormone  from  the  other  hormones  of  the  gland.  The 
present  paper  reports  a  partial  solution  of  this  problem. 

A  method  of  extraction  and  fractionation  of  beef  anterior  pituitaries  has  been 
described  (2)  which  removes  the  follicle  stimulating  factor  with  the  albumins  and 
retains  the  growth  potency  in  the  globulin  fraction.  However,  no  easily  reproducible 
method  for  the  separation  of  the  many  active  components  of  the  globulin  fraction  has 
been  reported  until  recently.*  In  a  preliminary  note  it  was  shown  that  by  the  action 
of  cysteine  alone  it  was  possible  to  inactivate  or  remove  most  of  the  gonadotropic, 
thyrotropic  and  lactogenic  activity  from  such  globulin  fractions,  leaving  the  growth 
stimulating  activity  unimpaired  (4).  The  present  paper  reports  a  simplified  method  of 
extraction  of  growth  hormone;  it  gives  details  in  the  application  of  cysteine  for  the 
purification  of  this  hormone,  and  reports  an  investigation  of  some  of  the  physico' 
chemical  and  biological  properties  of  cysteine  treated  growth  hormone. 

BIOLOGICAL  STANDARDIZATIONS 

Two  methods  of  bioassay  were  employed  for  the  determination  of  growth  hot' 
mone  potency.  Primarily  groups  of  at  least  6  normal  plateaued  female  rats  (about  5 
months  old)  were  used,  for  which  a  unit  had  been  defined  (2)  as  the  daily  dose  which 
would  cause  a  weight  increase  of  40  gm.  in  20  days  (17  daily  intraperitoneal  injections 
of  I  cc.  each;  Sundays  omitted).  A  dose'tesponse  curve  was  determined  by  injecting 
a  preparation  at  several  levels,  using  16  rats  at  each  level.  On  plotting  the  log.  of  the 
dose  against  che  weight  gain,  a  straight  line  was  obtained  (fig.  i).  The  slope  of  this 
line  was  essentially  the  same  as  that  previously  obtained  by  a  similar  plotting  of  the 

•  Aided  by  grants  from  the  University  of  California  Board  of  Research,  National  Research  Council, 
Washington,  D.  C.,  Parke,  Davis  y  Company.  We  wish  to  acknowledge  assistance  from  the  Works 
Progress  Administration,  Project  No.  O.  P.  65-1-08-61,  Unit  A-^. 

*  Freud  et  al.  (j)  report  their  chondrotropic  hormone  which  they  identify  with  growth  hormone  to 
be  “practically  free"  of  prolactin,  cortico'  and  thyrotropic  activity.  These  authors  have  introduced  a 
new  criterion  for  estimating  ‘growth,’  i.e.,  increases  in  tail  length  of  the  hypophysectomized  rat.  Since 
their  most  potent  preprations  may  cause  no  increase  in  body  weight  beyond  that  of  their  hypophysec- 
tomized  control  rats,  the  identity  of  their  preparation  with  growth  hormone  has  as  yet  to  be  established. 
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average  dose'response  curves  of  both  cruder  and  more  purified  preparations.  This 
curve  has  been  used  routinely  to  interpolate  from  an  observed  weight  gain  (between 
20  and  60  gm.)  the  dose  which  would  correspond  to  i  u  of  the  preparation  tested. 

The  other  test  object  consisted  of  hypophysectomized  female  rats,  26  to  28  days 
at  operation,  6  to  10  days  postoperative.®  The  daily  dose  which  causes  an  average 
weight  gain  of  10  gm.  in  10  days  in  groups  of  6  to  12  of  these  rats  was  defined  as  a 
unit  (9  intraperitoneal  injections  of  0.5  cc.;  Sunday  omitted).  The  completeness  of 
the  operation  was  checked  in  every  instance  at  autopsy.  While  normal  rats  respond 
less  to  a  second  period  of  injections  with  growth  hormone,  no  sufficient  difference  in 
the  responsiveness  of  unused  and  repeatedly  used  hypophysectomized  rats  was  ob' 
served  to  warrant  discarding  these  after  one  assay  period.  Many  fractions  were 


Fig.  1 


assayed  at  several  levels  in  hypophysectomized  rats  and  the  dose'response  curves 
obtained  by  plotting  weight  gain  against  the  log.  of  the  doses  were  all  approximately 
parallel  with  one  another  and  with  the  above'mentioned  curves  established  for  nor' 
mal  rats.  In  both  types  of  rats,  however,  these  curves  are  straight  lines  only  within  a 
limited  range  of  dose  levels.  Overdoses  may  cause  less  growth  in  hypophysectomized 
rats.  Within  the  range  of  i  to  5  u,  however,  the  potency  of  a  preparation  can  also  be 
evaluated  in  this  type  of  rat  by  interpolation,  using  the  slope  found  for  the  curves 
mentioned  above.  The  sensitiveness  of  hypophysectomized  but  not  of  normal  rats 
was  found  to  be  subjected  to  slow  changes  due  to  unknown  causes.  Thus  on  different 
occasions  from  8  to  30  hypophysectomized  rat  units  were  found  to  correspond  to  i 
normal  rat  unit.  The  sensitivity  of  hypophysectomized  rats  has  therefore  to  be  rede' 

*  It  has  recently  been  suggested  that  one  can  use  increase  in  tail  length  as  a  criterion  for  the  potency 
of  growth  promoting  extracts  (j).  Since  the  tails  of  the  rats  of  our  colony  continue  to  grow  for  a  limited 
time  after  hypophysectomy,  this  test  is  not  satisfactory.  It  can  be  stated,  however,  that  all  our  growth 
preparations  caused  approximately  proportional  increases  in  body  weight  and  in  tail  length  (when 
contrasted  with  the  controls). 
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termined  from  time  to  time  using  a  standard  preparation.  On  the  other  hand  their 
much  greater  sensitivity  offers  a  decided  advantage  in  cases  in  which  only  limited 
amounts  of  a  preparation  are  available. 

The  contamination  of  growth  preparations  with  the  lactogenic  and  thyrotropic 
hormones  was  determined  in  31  to  jj'day-old  pigeons  (4  daily  subcutaneous  injec' 
tions,  autopsy  on  fifth  day).  The  presence  of  lactogenic  hormone  was  diagnosed  by 
inspection  of  the  crops,  the  presence  of  thyrotropic  hormone  by  histological  examina- 
tion  of  the  thyroids.  In  both  instances  i  u  is  regarded  as  the  minimal  total  dose  causing 
a  detectable  reaction.  Assays  for  the  presence  of  gonadotropins  were  performed  in 
immature  hypophysectomized  female  rats.  When  hypophysectomized  rats  were  in' 
jected  with  high  doses  of  growth  hormone  in  the  usual  manner  for  10  days,  the 
weights  and  histological  examination  of  the  endocrine  organs  supplied  further  indica- 
tions  regarding  the  presence  or  absence  of  contaminating  hormones  (gonadotropic, 
thyrotropic  and  adrenocorticotropic  hormones). 

PREPARATION  OF  GROWTH  HORMONE 

Fresh  or  frozen  anterior  lobes  of  beef  pituitaries  are  ground  thoroughly.  All  steps 
of  the  procedure  are  carried  out  at  0°  to  5°  C.  To  each  kg.  of  glands  are  added  8  liters 
of  water;  while  the  mixture  is  stirred  thoroughly,  a  suspension  of  calcium  oxide  is 
added  slowly  until  pH  1 1.5  to  1 1.7  is  reached  (all  pn  determinations  made  by  means 
of  the  glass  electrode).  About  ii  gm.  are  required  per  kg.  of  glands.  4  gm.  per  kg. 
glands  of  calcium  chloride,  dissolved  in  a  small  volume  of  water,  are  then  added.  Stir' 
ring  is  continued  for  at  least  24  hours.  Carbon  dioxide  gas  is  then  slowly  passed 
through  the  mixture  until  pn  8.0  to  8.5  is  reached.  The  precipitate  should  settle  easily 
within  24  to  48  hours.  Most  of  the  clear  supernatant  can  be  siphoned  off  and  the  rest 
can  be  collected  by  filtration  through  supercel. 

This  extract  is  then  fractionated  by  ammonium  sulphate,  retaining  the  globulin 
fraction.  After  the  last  precipitation,  this  fraction  is  dissolved  in  a  minimum  volume 
of  water  and  dialysed  free  of  salt  against  distilled  water  by  means  of  a  rocking  dialyser. 
A  precipitate  forms  which  contains  most  of  the  growth  stimulating  protein  and  may 
therefore  be  separated  from  the  supernatant  by  centrifugation.  The  wet  precipitate 
may  be  frozen  and  dried  in  vacuo  to  yield  a  dry  powder  which  is  stable  when  stored 
at  room  temperature.  Growth  hormone  can  also  be  stored  in  solution  in  the  frozen 
state. 

The  advantages  of  the  method  of  extraction  as  specified  above  over  other  alkaline 
extraction  methods  are  2'fold.  (d).  Probably  owing  to  the  denaturing  effect  of  the 
high  alkalinity  employed  during  extraction,  the  amount  of  total  protein  soluble  in  the 
neutralized  solution  is  comparatively  small  and  yet  the  recovery  of  growth  stimulating 
activity  is  complete.  Thus  this  method  of  extraction  leads  at  the  same  time  to  a  con' 
siderable  increase  in  potency,  i  mg.  containing  about  i  normal  r.u.  (b).  The  other 
advantage  of  this  method  of  extraction  is  its  simplicity.  If  the  right  conditions  have 
been  established,  filtration  or  centrifugation  of  great  amounts  of  liquid  becomes 
unnecessary. 

Fractionation  with  ammonium  sulphate  does  not  always  increase  the  potency  of 
these  calcium  hydroxide  extracts  to  an  appreciable  extent.  It  is  always  effective  in 
concentrating  the  bulky  extracts  while  at  the  same  time  removing  almost  all  follicle 
stimulating  activity. 

As  a  rule  i  mg.  of  these  preparations  contains  slightly  more  than  i  normal  r.u. 
and  in  the  best  preparations,  may  contain  as  much  as  2.5  normal  r.u.  Table  i  illus' 
trates  average  yields  and  potencies  of  different  fractions.  Table  2  shows  the  amount 
of  contaminations  with  other  hormones  in  relation  to  growth  activity  of  a  few  typical 
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preparations.  It  will  be  seen  that  thyrotropic  hormone  is  the  main  contaminant  ranging 
in  amount  from  i  to  4  u  per  mg.  in  different  preparations.  The  amount  of  lactogenic 
hormone  contaminating  these  preparations  varies  more  widely  (o.i  to  a.o  u  per  mg.). 


Table  1.  Average  yields  and  potencies  of  various  growth  hormone  preparations 


Fraction 

Ba(OH), 

extracts 

Globulin, 
“L'Fractions"  (i) 

Ca(OH), 

extracts 

Ca(OH)j  extract, 
globulin  fractions 

Yield 

110  gm./kg. 

18  gm./kg. 

30  gm./kg. 

00  gm./kg. 

Unit 

4  mg- 

I  mg. 

<i  mg. 

<i  mg. 

Number  of  units 

30,000 

18,000 

>30,000 

>10,000 

Table  a.  CkjNTAMiNATiON  of  typical  growth  hormone  containing  fractions 


Growth  units 

Units  per  100 

growth  units  of 

Fractions 

(Normal  Rats) 
per  mg. 

Lactogenic 

hormone 

Thyrotropic 

hormone 

Adrenotropic  Gonadotropic 
hormone  hormone 

Standard  alkaline  extract 

0.14 

14 

83 

Globulin  “L-traction”  (i) 

0.8 

11 

31 

0.83 

Ca  (OH)j  extract 

1.2 

14 

70 

1.6  6FSH 

370  ICSH 

Globulin  fraction 

1-5 

5 

100 

0.75  <5  FSH 

>  100  ICSH 

Globulin  fraction,  cysteine 
treated 

1.0 

<i 

1 

apparently  FSH  not  as  ayed 
unchanged  55  ICSH 

CYSTEINE  TREATMENT 

Further  purification  of  the  growth  hormone  has  to  achieve  two  ends:  an  increase 
in  growth  stimulating  potency  together  with  the  removal  of  as  many  specific  con' 
taminants  as  possible.  A  preliminary  report  has  already  been  made  (4)  describing  a 
method  for  the  removal  of  thyrotropic,  lactogenic  and  gonadotropic  hormones  from 
growth  preparations  by  treatment  with  cysteine.  It  can  now  be  reported  that  this 
method  at  the  same  time  achieves  an  increase  in  growth  stimulating  potency.  The  de' 
tailed  procedure  which  is  of  great  importance  for  the  practical  application  of  the 
method  will  also  be  described  here. 

To  obtain  the  most  favorable  conditions  for  the  removal  of  contaminants,  very 
concentrated  solutions  of  growth  hormone  (5  to  7%  protein)  must  be  treated  with 
double  the  amount  of  cysteine,  or  somewhat  less  concentrated  solutions  (1%  protein) 
in  the  presence  of  amino  acids  (3.5%  glycine  in  addition  to  3%  cysteine).  Both  meth' 
ods  have  led  to  the  desired  result,  that  is,  transformation  of  about  one^half  of  the 
total  protein  into  an  insoluble  precipitate  with  retention  of  almost  all  growth  stimu' 
lating  activity  in  the  supernatant  together  with  hardly  detectable  traces  of  thyro¬ 
tropic  and  lactogenic  activity.  While  the  method  of  employing  very  high  protein  con¬ 
centration  is  somewhat  cumbersome,  it  usually  gives  more  reliable  results  than  the 
method  using  glycine.  If  growth  preparations  were  treated  with  the  same  amount  of 
cysteine  in  more  dilute  solution,  no  precipitate  formed  and  no  purification  was 
achieved. 

These  methods  have  resulted  regularly  in  purification  if  the  globulin  fraction 
serving  as  starting  material  was  not  of  greater  potency  than  i  normal  r.u.  per  mg. 
(table  3,  1-3).  With  more  potent  globulin  fractions  (1.5  to  2.5  u  per  mg.)  difficulties 
were  often  encountered,  leading  to  loss  of  growth  activity,  generally  associated  with 
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precipitation  of  as  much  as  90%  of  the  total  protein  in  a  form  which  could  not  be 
redissolved  (table  3,  4).  This  suggests  the  use  of  cysteine  early  in  the  purification 
procedure,  possibly  before  the  ammonium  sulphate  fractionation. 

Thioglycolic  acid  can  be  used  instead  of  cysteine  to  remove  contaminants  from 
solutions  of  the  globulin  fractions;  the  recovery  of  growth  activity  after  thioglycolic 
acid  treatment,  however,  was  in  one  case  not  as  complete  as  after  treatment  with  cys' 
teine  (table  3,  5). 

A  study  of  the  effect  of  40%  urea  used  as  a  solvent  during  cysteine  treatment  has 
led  to  interesting  findings  (table  3,  6-9).  While  growth  hormone  activity  was  unaf- 
fected  by  40%  urea  alone,  cysteine  was  found  to  inactivate  the  hormone  in  this  sob 
vent.  It  could  also  be  ascertained  that  cysteine  treated  growth  hormone  is  not  affected 
by  40%  urea  after  the  removal  of  the  cysteine;  also  that  cysteine  did  not  inactivate 
urea  treated  growth  hormone  after  removal  of  the  urea  by  dialysis. 

The  detailed  procedure  of  two  typical  experiments  in  which  growth  hormone  was 
freed  from  contaminants  by  the  action  of  cysteine  was  as  follows. 

A.  One  gm.  of  the  protein  was  dissolved  in  a  loTold  amount  of  distilled  water 
by  the  addition  of  the  necessary  amount  of  alkali  (2.7  cc.  o.i  n  NaOH)  to  give  ap' 
proximately  pn  8.  To  this  was  added  a  mixture  of  2  gm.  cysteine  hydrochloride 
and  1.33  gm.  sodium  carbonate,  dissolved  in  the  minimum  amount  of  water  or 

B.  One  gm.  of  the  protein  was  dissolved  in  30  cc.  water  with  the  addition  of 
alkali  as  above.  To  this  was  added  a  solution  of  3.4  gm.  glycine,  3  gm.  cysteine  hy^ 
drochloride,  4.4  gm.  sodium  carbonate,  5  n  acetic  acid  to  approximately  pn  8.3  and 
the  solution  made  up  to  a  final  volume  of  100  cc. 

Mixtures  A  and  B  were  kept  in  tightly  stoppered  flasks  with  a  minimum  of  air 
space  for  i  to  2  days  atroom  temperature.  They  were  then  centrifuged,  the  precipi' 
tates  washed  repeatedly  with  water  and  the  combined  supernatants  either  dialysed 
at  once  or  after  precipitation  with  ammonium  sulphate.  Since  the  precipitate  form- 
ing  on  dialysis  is  always  more  potent  than  the  supernatant,  the  former  was  isolated 
separately  by  centrifuging,  and  dried  in  the  frozen  state. 

FURTHER  PURIFICATION  AND  PROPERTIES 

Cysteine  treated  growth  hormone  precipitates  isoelectrically  from  pn  6.2  to  7.1, 
differing  in  that  respect  from  untreated  fractions  which  precipitate  over  a  wider 
range  from  pn  4.6  to  7.0.  Further  purification  may  be  possible  by  repeated  isoelectric 
precipitation.  Such  preparations  contain  15.7  to  16.3%  nitrogen  and  are  almost  free 
from  carbohydrate  (0.25%  sugar  and  less  than  0.9%  glucosamine).  They  are  very 
insoluble  in  alkaline  buffer  solutions  below  pn  9  but  quite  soluble  in  unbuffered  solu' 
tions  on  either  side  close  to  the  isoelectric  point  (pn  6.0  to  7.6). 

Cysteine  treated  growth  preparations  contain  about  2  normal  r.u.  or  20  to  60 
hypophysectomized  r.u.  per  mg.  The  best  preparations,  obtained  by  repeated  iso^ 
electric  precipitation  contained  about  100  hypophysectomized  r.u.  per  mg.,  that  is 
o.oi  mg.  daily  caused  10  gm.  growth  in  10  days.  When  injected  over  a  long  period  of 
time,  these  preparations  are  able  to  support  continued  growth  in  most  of  the  rats  for 
about  60  days;  at  approximately  this  time  both  cysteine  treated  and  untreated  prep- 
arations  lose  their  effect. 

When  hypophysectomized  rats  are  injected  with  high  doses  of  cysteine  treated 
growth  preparations  (0.2  to  i.o  mg.  daily)  all  organs  investigated  are  found  increased 
in  weight  from  10  to  30%  which  is  roughly  proportional  to  the  gain  in  body  weight. 
Nevertheless  the  histological  appearance  of  ovaries  and  thyroids  revealed  no  stimula- 
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Table  3.  Treatment  of  growth  hormone  solutions  with  thiol  compounds 


Standardisations  in  rats  in  pigeons* 

I  Dose,  Type  and  I  Growth  units  _  ,  „  _ 

P'5'P'l  soluble  No.  of  Growth - ToUl  Crop  Thyroid 

protein  rats  '(NR)»,(HR)>  ^  response  reaction 


Globulin  fraction 
(DAP  3J-») 


66  mg./cc.  DAP  35 — a 
treated  with  3'fold  weight 
of  cysteine,  1  day 


30  mg./cc.  DAP  35 — 1 
treated  with  i-fold  weight 
of  cysteine,  i  day 


Globulin  fraction 
(DAP  77-1) 


60  mg./cc.  DAP  77 — I 
treated  with  a-fold  weight 
of  cysteine,  i  day 


Globulin  fraction 

(PPa) 


10  mg./cc.  PPj  treated  with 
3'fo(d  weight  of  cysteine, 
3.3'fold  of  glycine,  a  days 


Globulin  fraction 
(DAP  74-1) 


60  mg./cc.  DAP  74 — I 
treated  with  I'fold  weight 
of  cysteine,  i  day 


66  mg./cc.  DAP  74 — i 
treated  with  a-fold  weight 
of  cysteine,  i  day 


Globulin  fraction 

DAP  78 


43  mg./cc.  DAP  78  treated 
with  1. 3'fold  weight  of 
thioglycolic  acid,  i  day 


43  mg./cc.  of  DAP  78 
treated  with  I'fold  weight 
of  cysteine,  1  day 


Globulin  fraction 

(DAP  37-J) 

6  mg./cc.  DAP  37 — a  in 
37%  urea,  a  days 


Globulin  fraction 
(III  F  71  BP) 


ao  mg  ./cc.  Ill  F  71  BP  in 
40%  urea:  i/a  treated  with 
a-fad  weight  of  cysteine, 
I  day 

i/a  dialysed,  then  treated 
with  cysteine  as  above 


%  mg./day 

—  i.o 


gm.  per  mg.  per  mg.  mg. 
3(NR)>  38  I  0.7  I  ao.o 


in  pigecMis’ 

Crop 

Thyroid 

response 

reaction 

+.+ 

3+.3+ 

— ,  — 

a-|-,a-(- 

+,+ 
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Table  j  (ccmtintied) 


1 

Insol' 

Standardisations  in  rats 

in  pigeons^ 

i 

Chemical  treatment 

uble  ' 
precit>' 

Dose, 

soluble 

protein 

Type  and 
No.  of 
rats 

Growth  ^ 

1 

Growth  units' 

Thyroid 

reaction 

itate 

(NR)i  (HR)>  1 

dose 

response 

8 

Globulin  fraction 
(DAP  35-y) 

% 

mg./ddy 

1.0 

6(NR) 

1 

gm. 

37 

per  mg.  per  mg.  | 
0.3  1 

mg. 

ao  mg./cc.  DAP  2j — 5  in 
40%  urea 

B 

B 

6(NR) 

ii 

0.7 

io  mg./cc.  DAP  35 — 5  in 
40%  urea  treated  with 
3'fNd  weight  of  cysteine, 

I  day 

1 

1 

6(NR) 

6 

- 

9 

Globulin  fraction:  50 
mg./cc.  treated  with  a^fold 
weight  of  cysteine  (a  days) ; 
dialysed  supernatant  under 
Oi  free  Ni 

51 

1 

7(HR) 

9J 

9 

To  x/a  of  above  dialysed 
solution  urea  added  to 
40%,  kept  under  Ns  4  hr. 

o.xa 

8(HR) 

11.4 

10 

^  NR  » Normal  rats;  HRsHypophysectomized  rats. 

<  Intramuscular  injection,  except  in  cases  marked  by  asterisk  (subcutaneous  injection  in  these  cases). 


tion  of  the  functional  elements  nor  did  it  differ  in  any  way  from  that  of  the  uninjected 
controls. 

The  adrenals,  thymus  and  preputials,  on  the  other  hand,  were  considerably  in' 
creased  (50  to  100%).  A  comparative  study  of  cysteine  treated  and  untreated  prep' 
arations  in  regard  to  certain  metabolic  effects  is  in  progress.  Dr.  J.  D.  Greaves  at 
Washington  University,  St.  Louis,  had  the  kindness  to  assay  a  globulin  fraction  and  a 
cysteine  treated  growth  preparation  for  us  by  his  recently  described  method  (5)  for 
R.Q.  reducing  and  ketogenic  activity;  he  found  both  preparations  of  about  equal 
potency,  0.5  and  0.6  mg.,  respectively,  corresponding  to  i  R.Q.  lowering  unit. 

When  assayed  in  squabs,  1000  hypophysectomized  r.u.  of  the  cysteine  treated 
growth  preparations  did  not  cause  crop  or  thyroid  reactions.  Owing  to  the  value  of 
these  preparations,  only  5  were  tested  at  higher  levels.  In  these  cases  lactogenic  hor- 
mone  could  not  be  detected  on  the  injection  of  50  to  100  mg.  of  the  growth  prepara' 
tions.  In  one  case  this  represented  a  hundred  times  the  level  at  which  lactogenic 
contamination  was  detectable  in  the  starting  material.  Thyrotropic  contamination  of 
cysteine  treated  preparations  became  evident  on  injection  of  50  to  100  mg.,  that  is, 
about  a  hundred  times  the  level  of  the  starting  material  necessary  to  cause  detectable 
thyroid  stimulation  (table  3, 1-7). 

DISCUSSION 

While  a  new  extraction  method,  simple  and  effective,  is  described  and  evaluated, 
claim  is  not  made  for  the  separation  of  growth  hormone  from  all  other  pituitary  hor' 
mones  by  this  method.  The  action  of  cysteine  or  thioglycolic  acid,  however,  is  useful 
in  removing  or  inactivating  other  pituitary  hormones  in  growth  hormone  solutions. 
This  purification  in  regard  to  the  biological  effects  given  by  the  hormone  is  accom' 
panied  by  chemical  purification,  that  is,  increase  in  the  number  of  units  of  growth 
stimulating  activity  per  mg.  protein. 

The  effect  of  cysteine  on  purified  preparations  of  other  pituitary  hormones  has 
been  and  still  is  the  subject  of  intensive  study  in  this  laboratory  (6,  7).  It  was  found 
that  gonadotropins  and  thyrotropic  hormone  are  inactivated  by  this  reagent,  the  re' 
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action  proceeding  at  a  very  slow  rate  at  low  protein  concentrations.  Lactogenic  hor- 
mone,  although  not  inactivated,  was  found  to  precipitate  when  treated  with  cysteine 
above  certain  concentrations  of  both  reactants,  the  degree  of  precipitation  being  also 
favored  by  high  amino  acid  concentrations. 

The  experience  gained  by  these  studies  has  indicated  the  necessity  of  performing 
cysteine  treatment  of  growth  hormone  solutions  at  high  concentrations  of  the  latter 
if  a  thorough  removal  of  contaminating  active  principles  is  intended.  The  alternate 
method  of  treating  less  concentrated  growth  hormone  solutions  with  cysteine  in  the 
presence  of  glycine  has  also  been  suggested  by  these  studies. 

By  both  methods  lactogenic  contamination  of  growth  extracts  could  be  reduced 
to  undetectable  traces  and  the  content  of  thyrotropic  hormone  to  about  one  per  cent 
of  that  of  the  starting  material.  Of  the  gonadotropins  only  ICSH  had  been  found  to 
contaminate  growth  extracts  to  an  appreciable  extent  and  the  destruction  of  most  of 
this  contaminant  by  cysteine  treatment  has  already  been  reported  (4).  The  absence  of 
gonadotropins  is  confirmed  by  the  injection  of  high  levels  of  cysteine  treated  growth 
preparations  in  hypophysectomiaed  rats. 

As  stated  above,  the  only  organs  which  were  found  stimulated  in  these  rats  were 
the  thymus,  the  adrenals  and  the  preputials.  Increase  in  the  weight  of  the  preputials 
may  be  due  to  sterols  of  adrenal  origin  but  cannot  be  due  to  the  ovarian  hormones 
since  the  same  effect  was  produced  by  injection  of  growth  extracts  in  ovariectomiaed' 
hypophysectomiaed  animals.  Adrenocorticotropic  hormone  is  known  to  have  an 
inhibiting  or  atrophying  effect  on  the  thymus.  Therefore,  the  simultaneous  growth 
of  thymus  and  and  adrenals  supplies  evidence  of  the  survival  after  cysteine  treat' 
ment  of  at  least  two  separate  hormones,  an  adrenocorticotropic  and  a  ‘thymotropic.’ 
That  adrenocorticotropic  hormone  does  not  cause  growth  is  well  established;  on  the 
contrary  a  growth  inhibiting  effect  is  ascribed  to  this  hormone  (8).  The  question 
remains,  whether  growth  and  ‘thymotropic’  hormones  are  two  independent  sub' 
stances  or  whether  the  growth  hormone  always  has  thymotropic  effect.  Experiments 
of  W.  O.  Reinhardt  and  R.  D.  Ray  of  this  laboratory  which  are  as  yet  in  progress 
appear  to  indicate  that  growth  hormone  is  effective  also  in  thymectomized  hypophy' 
sectomized  rats.  This  would  exclude  the  possibility  that  the  growth  stimulating 
effect  of  pituitary  extracts  is  mediated  by  the  thymus. 

Thyrotropic  or  lactogenic  hormone  or  certain  combinations  of  the  two  have  been 
claimed  to  represent  the  pituitary  growth  stimulating  factor  in  birds  and  mammals. 
The  fact  that  an  increase  in  growth  promoting  activity  has  now  been  achieved  in  con' 
junction  with  a  decrease  in  the  content  of  these  two  horomnes  to  about  1%  of  that 
of  the  original  growth  preparation,  seems  to  exclude  these  assumptions.  While  it  is 
quite  possible  that  growth  in  the  rat  caused  by  pituitary  extracts  is  due  to  the  synet' 
gistic  action  of  other  hormones,  for  example,  certain  metabolic  hormones,  it  would 
appear  established  that  neither  thyrotropic,  lactogenic,  nor  gonadotropic  hormones 
are  essential  for  this  effect. 

From  a  chemical  viewpoint  the  recorded  experiments  are  hard  to  interpret.  The 
fact  that  preparations  of  higher  potency  may  show  loss  of  activity  on  cysteine  treat' 
ment,  also  the  observation  that  growth  hormone  in  40%  urea  solution  is  completely 
inactivated  by  cysteine,  can  be  interpreted  as  evidence  of  the  existence  of  'S'S'  bonds 
in  the  physiologically  active  protein  which  are  hard  to  reduce  in  the  native  state  but 
more  easily  so  in  the  denatured  state,  as  may  be  the  case  in  urea  solutions.  It  appears, 
however,  not  advisable  to  attempt  an  elucidation  of  so  complex  a  reaction  in  such  a 
mixture  as  the  globulin  fraction. 
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SUMMARY 

A  modified  alkaline  extraction  method  for  preparation  of  growth  hormone  from 
beef  anterior  pituitaries  has  been  described. 

Cysteine  treatment  of  this  preparation  led  to  a  purification  resulting  in  an  increase 
in  growth  promoting  activity,  together  with  a  marked  decrease  of  thyrotropic,  lactO' 
genic  and  gonadotropic  hormone  contamination. 

The  results  clearly  indicate  that  the  growth  promoting  effects  of  pituitary  ex- 
tracts  cannot  be  attributed  to  any  one  of  the  above  mentioned  “target  organ”  hor- 
mones  or  to  a  synergistic  action  between  any  of  these. 
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ON  THE  QUESTION  OF  THE  PRESENCE  OF 
THYROGLOBULIN  IN  THE  BLOOD' 


LAWRENCE  I.  STELLAR  and  HARRY  G.  OLKEN 
From  the  Department  of  Physiology,  Tufts  College  Medical  School 

BOSTON,  MASSACHUSETTS 

CARLSON,  Hektoen  AND  ScHULHOF  (i),  in  a  scrics  of  publications,  have  reported 
the  demonstration  by  immunological  reactions  of  thyroglobulin  in  the  thyroid 
vein  blood  and  in  the  lymph,  and  have  stated  that  factors  such  as  massage 
and  sympathetic  stimulation  occasionally  affected  the  amount  of  thyroglobulin  prO' 
duced.  Using  a  similar  technic,  Hicks  (2)  was  also  able  to  obtain  evidence  of  thyro' 
globulin  in  the  thyroid  vein  blood.  On  the  assumption  that  the  above  reported 
results  could  be  duplicated,  a  series  of  experiments  were  undertaken  in  order  to 
study  the  excretion  of  thyroglobulin  into  the  thyroid  veins,  with  particular  reference 
to  the  effect  that  various  factors  might  have  upon  this  excretion.  The  purpose  of 
this  paper  is  to  report  that  except  under  certain  special  circumstances,  as  will  be 
detailed  later,  we  were  unable  to  obtain  evidence  of  such  excretion. 

METHODS 

Serum  immune  to  dog  thyroglobulin  was  prepared  by  graded  injections  into 
rabbits  of  a  1%  dog  thyroglobulin  solution.  This  dog  thyroglobulin  was  made  by 
saline  extraction  of  dog  thyroid  glands,  followed  by  a  series  of  ammonium  sulfate 
precipitations,  dialysis  and  drying.  The  rabbit  immune  serum  thus  obtained  could 
clearly  detect  dog  thyroglobulin  in  prepared  dilutions  up  to  1:150,000.  (The  titra' 
tions  in  the  following  experiments  were  made  by  the  flocculation  test — for  compari' 
son  of  the  flocculation  and  ring  tests  showed  the  former  to  be  just  as  accurate,  yet 
more  definite  in  reaction  and  in  end-point.) 

The  specificity  of  the  immune  rabbit  serum  to  dog  thyroglobulin  was  further 
enhanced  by  removal  of  all  antibodies  to  normal  dog  serum.  This  was  done  by 
mixing  dog  thyroglobulin  antiserum  with  normal  dog  serum,  in  predetermined  opti¬ 
mal  proportions  (1:60).  Two  precipitations  removed  all  normal  dog  serum  antibodies 
without  loss  of  thyroglobulin  titre.  All  antisera  used  were  prepared  in  this  manner. 
With  this  antiserum,  the  blood  from  the  thyroid  or  jugular  veins  was  tested.  First 
however,  several  control  procedures  were  carried  out  as  follows. 

(a)  Normal  rabbit  serum  was  shown  to  have  no  effect  upon  normal  dog  serum  or  on  thyro¬ 
globulin. 

(b)  Added  thyroglobulin  was  detected  equally  well  in  dog  serum  or  in  saline  solution — both 
qualitatively  and  roughly  quantitatively. 

(c)  It  was  shown  that  thyroglobulin  cannot  be  lost  by  the  methods  used  in  preparation  of 
the  serum  which  is  drawn  from  the  animal.  This  was  done  by  injection  of  only  50  mg. 
of  thyroglobulin  into  a  10  kg.  dog.  The  thyroglobulin  was  readily  detected  in  the 
venous  blood  and  its  gradual  disappearance  could  be  followed  over  an  8-hour  period. 

Tlie  thyroid  glands  of  a  series  of  dogs  were  exposed  under  chloretone-ether  or 
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ether  anesthesia  and  blood  was  collected  directly  from  the  largest  veins  coming  from 
the  thyroid  gland — after  having  Ugated  all  possible  tributaries.  Except  as  noted 
below,  samples  were  taken  at  an  appreciable  distance  from  the  gland.  Efforts  were 
made  to  influence  the  excretion  of  thyroglobulin  by  injection  of  thyroxin  and 
thyrotropic  hormone,  samples  of  blood  being  obtained  at  various  times  after  injection 
— from  thyroid  and  systemic  (external  jugular)  vessels.  The  serum  prepared  from 
this  blood  was  tested  for  thyroglobulin  with  the  antiserum. 

RESULTS 

(a)  In  many  examinations  of  systemic  blood  of  normal  dogs,  thyroglobulin  was 
not  detected  in  any  case.  This  confirms  the  observations  of  previous  investigators. 

(b)  In  7  normal  dogs,  the  serum  from  thyroid  vein  blood  failed  to  show  thyro' 
globulin. 

(c)  Since  there  is  a  latent  period  in  the  action  of  thyroxin  on  metabolism,  and 
furthermore  since  thyroxin  has  not  been  demonstrated  in  normal  serum  and  has  no 
effect  on  isolated  tissues  (3),  it  was  postulated  that  injected  thyroxin  may  be  con- 
verted  to  thyroglobulin  in  the  thyroid  and  after  excretion  as  such  into  the  blood 
stream,  exert  its  characteristic  effect.  In  a  series  of  4  dogs,  however,  the  systemic 
blood  taken  from  i  hour  to  10  days  following  the  injection  of  0.5  to  2  mg.  of  thyroxin 
per  kilogram  failed  to  show  thyroglobin.  Canzanelli  and  Rapport  (4)  have  shown  that 
these  quantities  of  thyroxin  have  a  marked  metabolic  effect  beginning  usually  in  6 
hours  and  lasting  up  to  7  days.  It  was  also  felt  that  thyrotropic  hormone  might  in' 
fluence  the  excretion  of  thyroglobulin,  but  none  could  be  detected  in  systemic  blood 
drawn  i  to  5  days  after  the  injection  of  an  amount  sufficient  to  produce  a  15%  rise 
in  metabolism  in  one  dog  and  a  30%  rise  in  another. 

(d)  With  the  failure  of  the  above,  blood  was  taken  from  the  thyroid  veins  of 
3  dogs  from  5  minutes  to  20  hours  after  the  injection  of  0.5  to  2  mg.  of  thyroxin  per 
kilogram.  No  thyroglobulin  was  detected. 

(c)  The  precipitin  reactions  could  be  intensified  considerably  by  precipitating 
small  amounts  of  thyroglobulin  in  dog  serum  with  40%  ammonium  sulfate  and  re- 
dissolving  the  precipitate  in  1/5  the  original  volume  of  saline.  Yet  similar  treat' 
ment  of  normal  jugular  and  thyroid  vein  blood  in  5  experiments  failed  to  reveal  the 
presence  of  thyroglobulin. 

(f)  An  antiserum  to  dog  serum  protein  was  prepared  and  in  three  experiments 
the  proteins  of  thyroid  and  systemic  vein  serum  were  precipitated.  The  resulting 
supernatant  fluid  still  showed  no  thyroglobulin.  This  procedure  serves  to  rule  out 
further  any  effect  that  the  presence  of  a  large  volume  of  protein  might  have.  More' 
over,  Carlson,  Hektoen  and  Schulhof  (la)  obtained  their  highest  titres  in  this  way. 

DISCUSSION 

That  neither  we  nor  other  investigators  were  able  to  detect  thyroglobulin  in 
normal  dog  systemic  blood  is  not  surprising,  for  if  all  the  so'Called  organic  iodine  in 
systemic  blood,  i.e.,  circa  4  micrograms/ioo  cc.  were  considered  to  be  in  the  form 
of  thyroglobulin  and  the  latter  were  assumed  to  have  0.6%  iodine,  the  blood  con' 
centration  of  thyroglobulin  would  still  be  only  about  i :  150,000.  As  we  have  stated, 
this  is  near  our  titration  limit,  while  the  highest  titre  for  dog  thyroglobulin  obtained 
by  the  Chicago  workers  was  i:  128,000;  and  by  Hicks,  1:80,000. 

This,  however,  does  not  explain  the  discrepancy  between  our  results  and  those 
previously  quoted  in  relation  to  thyroid  vein  blood,  where  presumably  thyro' 
globulin,  if  present,  would  be  more  concentrated;  nor  do  we  feel  that  it  is  possible 
at  present  to  be  certain  concerning  the  reasons  for  this  discrepancy.  However,  a  few 
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observations  that  we  made  may  be  pertinent  in  this  connection.  On  one  occasion, 
when  repeated  samples  of  thyroid  vein  blood  were  negative,  a  greatly  diluted  wash' 
ing  from  a  tiny  nick  in  the  gland  itself  gave  a  strongly  positive  reaction.  Moreover, 
when  successive  samples  from  different  points  along  a  thyroid  vein,  outside  of  the 
gland,  were  negative,  a  sample  taken  from  the  same  vein  dissected  away  from  the 
gland  tissue  was  positive  for  thyroglobulin.  The  only  occasions,  in  fact,  when  we 
have  obtained  a  positive  test  for  thyroglobulin  in  thyroid  vein  blood  have  been  those 
in  which  there  was  trauma  to  the  gland. 

We  suggest  the  possibility  that  positive  reactions  for  thyroglobulin  in  the 
thyroid  blood  and  lymph  obtained  by  other  observers  may  have  been  the  result  of 
leakage  of  colloid  under  circumstances  similar  to  what  we  suspect  occurred  in  the 
rare  positive  results  mentioned  above.  At  all  events  we  think  that  the  obvious  the' 
oretic  importance  of  knowing  whether,  and  under  what  conditions,  thyroglobulin 
may  appear  in  the  blood,  make  it  incumbent  on  us  to  report  our  generally  negative 
results. 

SUMMARY 

Thyroglobulin  can  be  detected  up  to  i  part  in  150,000  in  saline  or  serum  by  the 
precipitin  method.  It  can  also  be  detected  in  the  living  animal  following  injection. 

Except  under  certain  circumstances,  discussed  above,  no  evidence  for  the  presence 
of  thyroglobulin  could  be  obtained  in  a  variety  of  conditions:  (a)  in  normal  systemic 
blood,  (b)  in  blood  from  the  normal  thyroid,  (c)  in  either  systemic  or  thyroid  blood 
after  an  injection  of  thyroxin  great  enough  to  produce  a  marked  rise  in  metabolism, 
(d)  in  systemic  blood  during  the  metabolic  rise  following  injection  of  thyrotropic 
hormone,  (e)  under  any  of  the  above  conditions  even  after  concentration  of  the 
sera  or  after  preceding  serum  protein  precipitation. 
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ADDENDUM 

After  this  paper  was  written  Lerman  (J.  Clin.  Investigation  19;  555.  1940)  reported  that  no  thyro- 
globulin  was  found  in  the  systemic  blood  of  normal,  thyrotoxic  or  myxedematous  patients  by  the  precipi¬ 
tin  test.  Thyroid  vein  blood  showed  no  thyroglobulin  in  12  of  14  cases  preoperatively,  but  7  of  8  cases 
showed  thyroglobulin  postoperatively.  He  concludes  that  thyroglobulin  is  extruded  by  trauma. 


THE  EFFECT  OF  ADRENALIN  IN  PEANUT  OIL  AND 
ADRENALIN  PELLETS  UPON  THE  THYROID  GLAND  OF 
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The  problem  of  the  relationship  of  the  autonomic  nervous  system  to  the 
function  of  the  thyroid  gland  has  been  the  subject  of  a  very  extensive  and 
controversial  literature  and  the  final  word  remains  to  be  said.  The  evidence 
presented  has  been  gathered  from  extensive  physiological,  chemical  and  histological 
experimentation  as  well  as  clinical  observation.  There  have  been,  however,  few 
attempts  to  study  the  effect  of  the  injection  of  adrenalin  upon  the  thyroid  gland 
itself.  Kippen  (i)  could  not  demonstrate  any  change  in  the  thyroid  of  guinea  pigs 
following  the  intraperitoneal  injection  of  o.i  to  0.3  cc.  of  a  1:1000  solution  of 
adrenalin  hydrochloride.  Pagliani  (2)  saw  some  evidence  of  hyperfunction  in  the 
cells  of  the  thyroid  gland  of  rabbits  injected  with  adrenalin  for  from  12  to  23  days. 
Long  and  Wense  (3)  reported  microscopically  recognizable  changes  in  the  thyroids 
of  rats  injected  4  times  in  2  days  with  adrenalin. 

With  the  introduction  by  Keeney,  Pierce  and  Gay  (4)  of  adrenalin  suspended  in 
peanut  oil  a  new  method  of  administering  adrenalin  was  made  available.  The  prepara' 
tion^  is  made  in  such  a  way  that  0.002  gm.  of  adrenalin  is  suspended  in  a  finely 
particulate  state  in  each  cc.  of  peanut  oil.  This  adrenalin  suspension  has  been 
referred  to  as  “slow  adrenalin”  because  the  effects  of  a  single  injection  of  this 
preparation  may  be  demonstrated  for  as  long  as  12  hours  after  it  has  been  administered 
under  the  skin.  It  was  felt  that  this  offered  a  new  means  of  attacking  the  problem 
of  whether  or  not  the  thyroid  gland  will  show  a  response  to  the  injection  of  adrenalin. 
Rabbits  and  guinea  pigs  were  used  for  the  experiment.  A  second  experiment  using 
pellets  of  adrenalin  implanted  subcutaneously  was  also  carried  out. 

A  preliminary  comparison  was  made  in  rabbits  between  the  response  to  aqueous 
adrenalin  hydrochloride  and  the  same  amount  of  adrenalin  in  peanut  oil.  It  was 
found  that  the  initial  rise  of  the  blood  sugar  level  was  later  by  about  30  minutes  in 
one  animal  but  not  appreciably  later  in  the  other  after  injection  of  adrenalin  in  oil 
as  compared  with  the  aqueous  solution.  However,  in  both  rabbits  the  blood  sugar 
level  remained  elevated  for  from  2  to  4  hours  longer  following  the  injection  of  this 
preparation,  than  it  did  following  the  injection  of  the  aqueous  solution  although  the 
peaks  of  the  curves  were  of  the  same  height.  A  similar  lengthening  of  response  was 
observed  in  the  general  behavior  of  the  animals. 

Adrenalin  in  peanut  oil  injected  into  guinea  pigs.  Twenty'three  guinea  pigs  (10 
males  and  13  females)  were  injected  twice  daily  with  0.0003  gm.  (0.15  cc.)  of  adrenalin 
for  from  3  to  59  days.  As  controls  4  guinea  pigs  (2  males  and  2  females)  were  given 

*  The  adrenalin  in  peanut  oil  and  adrenalin  used  for  making  the  pellets  was  supplied  through  the 
generosity  of  Dr.  Oliver  Kamm  of  Parke,  Davis  ^  Ckimpany. 
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0.15  cc.  of  plain  peanut  oil  twice  daily  for  from  54  to  59  days  and  2  female  guinea 
pigs  were  untreated.  The  animals  were  killed  2  to  3  hours  after  the  last  injection  and 
the  thyroid  glands  were  immediately  placed  in  a  solution  of  20%  formalin  and  5% 
potassium  dichromate  (Regaud’s  fixative).  The  ghnds  were  cut  serially  and  every 
twentieth  section  was  mounted  and  stained  with  Masson’s  trichrome  stain.  The 
sections  were  examined  with  regard  to  the  number  of  mitoses,  the  height  and  char- 
acter  of  the  epithelium,  and  nature  and  amount  of  the  colloid  and  the  appearance  of 
the  mitochondria. 

The  mitoses  were  so  scarce  as  to  be  almost  absent.  No  difference  in  the  number 
of  mitoses  was  noted  between  the  control  group  and  the  experimental  group.  In 
every  animal  of  both  groups  the  follicles  were  large  and  filled  with  dense  colloid  that 
was  very  slightly  vacuolated  or  not  vacuolated  at  all.  The  epithelium  was  uniformly 
low  or  flat.  The  mitochondria  exhibited  considerable  variation  in  size  and  concentra- 
tion  and  no  correlation  could  be  established  between  the  character  and  distribution 
of  the  mitochondria  and  the  treatment  which  the  animal  had  received.  All  of  the 
animals  which  received  adrenalin  lost  weight  indicating  that  the  adrenalin  was 
given  in  significant  amounts.  The  controls  gained  weight  or  remained  constant. 

Adrenalin  in  peanut  oil  injected  into  rabbits.  Twelve  animals  were  used  in  this 
experiment.  Six  rabbits  were  treated  with  adrenalin  in  peanut  oil  and  6  rabbits 
were  treated  with  plain  peanut  oil  as  controls.  The  animals  were  weighed  weekly. 
The  sexes  were  equally  distributed.  The  experimental  animals  received  0.001  gm. 
(j/2  cc.)  of  adrenalin  twice  daily  for  31  days  and  then  0.0015  gm.  (3/4  cc.)  of  adrenalin 
twice  daily  until  they  were  killed.  This  increase  was  made  in  order  to  cause  a 
continued  loss  in  weight.  The  controls  received  equivalent  volumes  of  plain  peanut 
oil.  One  experimental  animal  was  killed  at  23  days  and  2  control  animals  were  killed 
after  24  and  29  days.  All  the  rest  of  the  animals  were  carried  for  total  periods  of 
from  65  to  71  days.  One  of  the  experimental  animals  died  in  a  convulsion  on  the  forty' 
seventh  day  and  was  discarded.  All  of  the  experimental  animals  lost  weight  until 
the  end  of  the  experiment.  The  controls  gained  or  remained  at  a  stable  level.  The 
thvroids  from  this  group  of  animals  were  examined  with  the  same  methods  as  were 
used  in  studying  the  glands  from  the  guinea  pigs. 

As  in  the  experiment  with  the  guinea  pigs,  no  effect  upon  the  number  of  mitoses 
in  the  glands  was  observed.  The  general  histological  picture  as  presented  by  the 
animals  in  this  group  was  very  variable.  In  some  animals  the  follicles  were  large  and 
filled  with  mature  dense  colloid.  In  others  the  follicles  were  small  and  the  colloid 
was  more  vacuolated.  This  variation  did  not  show  any  correlation  with  the  treat' 
ment  which  the  animal  had  received.  The  height  of  the  epithelium  also  varied  con' 
siderably  without  any  correlation  with  the  treatment.  When  the  mitochondria  were 
considered,  however,  a  striking  contrast  was  observed.  In  the  animals  receiving 
plain  peanut  oil  there  was  a  small  number  of  very  large  conspicuous  mitochondria. 
In  all  of  the  animals  but  one  receiving  the  adrenalin  suspension  in  peanut  oil  the 
mitochondria  were  very  numerous  and  fine.  In  the  one  exception  the  mitochondria 
were  of  the  order  seen  in  the  controls. 

Adrenalin  pellets  implanted  in  rabbits.  In  this  group,  4  rabbits  (i  male  and  3 
females)  received  compressed  adrenalin  tablets  and  2  rabbits  (i  male  and  i  female) 
received  no  treatment.  Pure  adrenalin  was  pressed  into  very  hard  pellets  each 
weighing  about  o.i  gm.  Under  local  anesthesia  through  a  small  incision  one  of  these 
pellets  was  placed  under  the  skin  of  each  of  the  4  animals.  In  2  animals  the  pellets 
remained  2  days.  In  the  other  2  animals  the  pellets  remained  4  days.  The  pellets  lost 
an  average  of  0.005  of  substance  each  24  hours.  The  animals  refused  to  eat  as 
long  as  the  pellets  remained  in  place  indicating  that  the  drug  was  being  effectively 
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absorbed.  The  rabbits  were  given  infusions  of  25%  glucose  twice  daily  to  maintain 
them.  The  thyroid  glands  were  prepared  in  the  same  way  as  in  the  other  groups  of 
animals. 

No  difference  in  the  number  of  mitoses,  the  general  histological  picture,  nor  in 
the  character  and  number  of  mitochondria  could  be  detected  between  the  treated 
and  untreated  animals. 


DISCUSSION 

Conclusions  based  on  studies  of  changes  in  the  microscopic  picture  of  the  thyroid 
are  difficult  to  arrive  at  because  of  the  great  variation  which  is  present  in  the  normal 
gland.  Changes  which  can  confuse  the  picture  may  be  related  to  season,  food,  activity 
and  other  extraneous  influences.  As  a  result  only  very  striking  differences  between 
the  experimental  and  control  groups  were  accepted  in  evaluating  the  results  obtained. 
The  criteria  of  activity  of  the  thyroid  used  in  these  experiments  have  all  been  used 
before.  Kippen  used  the  mitotic  index  in  his  study.  That  the  general  histological 
picture  reflects  the  activity  of  the  thyroid  has  long  been  known.  Goetsch  (5)  first 
pointed  out  the  correlation  between  the  change  in  activity  of  the  thyroid  and  the 
change  in  the  number  and  size  of  the  mitochondria. 

In  the  experiment  using  guinea  pigs  no  constant  and  striking  differences  could 
be  established  between  the  experimental  and  control  animals.  It  was  therefore 
concluded  that  under  the  circumstances  of  the  experiment  no  change  was  demon- 
strated  in  the  thyroid  glands  of  these  animals  as  a  result  of  the  administration  of 
adrenalin.  This  is  in  agreement  with  the  report  by  Kippen.  In  the  experiment  in 
which  the  adrenalin  was  injected  into  rabbits  there  was  a  striking  and  consistent 
difference  between  the  mitochondria  of  the  treated  and  control  animals.  The  only 
exception  occurred  in  an  animal  which  had  received  adrenalin.  In  this  case  the 
thyroid  looked  like  one  from  a  control  animal.  This,  it  is  felt,  does  not  lessen  the 
significance  of  the  change  observed  in  the  other  animals  but  indicates  that  the 
individual  was  less  sensitive  than  the  others  to  the  actions  of  adrenalin.  In  no 
control  animal  was  there  any  question  of  its  identity,  as  judged  by  the  appearance 
of  the  mitochondria.  No  such  difference  in  the  mitochondria  was  observed  between 
the  animals  receiving  the  adrenalin  pellets  and  the  untreated  controls.  From  this  it 
was  concluded  that,  as  judged  by  the  changes  in  the  mitochondria,  the  thyroid  of 
a  rabbit  may  be  influenced  by  the  administration  of  adrenalin  if  the  drug  is  given 
over  a  period  of  at  least  several  weeks,  and  in  such  a  form  that  its  action  is  long 
maintained.  That  the  rabbit  thyroid  can  be  influenced  by  adrenalin  but  the  guinea 
pig  thyroid  cannot,  although  comparable  doses  were  used,  can  be  explained  as  a 
species  difference,  just  as  is  the  difference  in  degree  of  response  to  the  thyrotropic 
hormone  in  the  two  species. 

Assuming  that  the  evidence  presented  means  that  the  thyroid  of  the  rabbit  has 
been  stimulated  by  adrenalin  the  question  of  mode  of  action  arises.  The  possibilities 
have  been  discussed  in  detail  by  Friedgood  and  Cannon  (6).  As  they  point  out,  there 
are  several  possibilities.  The  simplest  concept  is  that  the  adrenalin  acts  directly 
upon  the  thyroid  cell  either  alone  by  influencing  the  metabolism  of  the  cell  or  in 
conjunction  with  the  thyrotropic  hormone  by  increasing  its  effectiveness.  Proof  of 
this  is  lacking  and  Foot,  Baker  and  Carrel  (7)  have  published  some  experimental 
results  obtained  on  the  Lindbergh  apparatus  which  indicate  that  in  human  thyroids, 
at  least,  there  is  no  response  to  adrenalin  added  to  the  perfusate.  This,  of  course, 
proves  nothing  as  far  as  other  species  are  concerned. 

Other  possibilities  are  that  the  adrenalin  acts  by  indirection  through  its  effect 
upon  the  vascular  supply  of  the  thyroid  or  through  a  stimulating  effect  upon  the 
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pituitary  which  in  turn  stimulates  the  thyroid  gland.  However,  in  the  data  presented 
here  there  is  no  evidence  which  would  indicate  what  the  mode  of  action  is. 

SUMMARY 

Twenty 'three  guinea  pigs  were  injected  with  adrenalin  in  peanut  oil  twice  daily 
for  periods  of  time  up  to  59  days.  Four  control  animals  received  plain  peanut  oil  and 
2  animals  were  untreated.  No  change  in  the  thyroid  could  be  demonstrated  by 
histological  means. 

Six  rabbits  were  injected  with  adrenalin  in  peanut  oil  and  6  rabbits  received  plain 
peanut  oil  twice  daily  for  periods  of  time  up  to  71  days.  The  thyroids  were  examined 
histologically.  There  was  a  striking  difference  between  the  mitochondria  of  the 
thyroid  cells  of  the  experimental  and  control  animals. 

Pellets  of  adrenalin  were  implanted  under  the  skin  of  a  rabbits  for  2  days  and  of 
2  rabbits  for  4  days.  No  difference  could  be  shown  by  histological  methods  between 
the  thyroids  of  these  animals  and  untreated  controls. 

It  was  concluded  chat  adrenalin  in  peanut  oil  does  not  influence  the  thyroids  of 
guinea  pigs  but  when  given  to  rabbits  in  adequate  doses  for  long  periods  of  time 
does  cause  a  change  in  the  character  of  the  mitochondria,  which  may  be  interpreted 
as  representing  stimulation. 
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The  purpose  of  this  study  was  to  establish  the  normal  variations  that  occur  at 
different  ages  in  the  thyroid  gland  of  the  mouse  with  a  view  toward  providing 
a  basis  upon  which  to  evaluate  experimentally  induced  conditions.  Few  such 
chronological  studies  of  thyroid  changes  have  been  made.  Cooper  (i)  and  Rice  (2) 
have  studied  the  human  thyroid  and  agreed  that  this  gland  presents  several  different 
pictures  from  birth  to  death.  They  described  the  histology  of  the  gland  in  several 
major  age  groups  and  pointed  out  the  important  characteristics  of  each  group.  A 
more  detailed  picture  of  the  condition  of  the  thyroid  in  old  dogs  was  given  by  Dog' 
liotte  and  Nizzi  Nuti  (3).  These  papers  will  serve  as  a  basis  for  comparison  of  the 
present  observations  on  similar  changes  occurring  in  the  mouse. 

materials  and  methods 

The  albino  mice  used  for  these  observations  were  of  the  Hygenic  Strain,  bred 
and  raised  in  our  laboratory.  A  total  of  155  animals  was  used  with  the  following 
distribution:  5  at  birth,  40  between  15  to  28  days  of  age,  40  between  29  to  40  days 
of  age,  30  between  81  to  180  days  of  age  and  20  between  200  to  250  days  of  age. 
Litter  mates  were  used  for  comparison  within  the  groups,  the  definite  age  of  each 
animal  being  known.  Males  and  females  were  separated  before  maturity  to  assure 
the  nulliparous  condition  of  the  females. 

The  histological  procedure  for  studying  the  glands  consisted  of  fixation  in 
Zenker’s  formol,  Allen  B'3,  or  Bodian  #3  (4)  solutions,  and  serial  sectioning  by  the 
paraflBn  method  at  6  or  8  microns.  The  majority  of  the  sections  were  stained  with 
Delafield  or  Harris  hematoxylin  and  eosin.  A  standard  time  for  staining  was  estab' 
lished  so  that  variations  in  staining  reactions  would,  to  some  extent,  indicate  a  dif- 
ferential  affinity  of  the  tissue  for  the  stain. 

In  order  to  help  establish  the  normal  picture  of  the  thyroid  on  a  quantitative 
basis,  measurements  of  the  follicular  areas  were  made.  As  the  glands  were  sectioned 
serially  from  the  anterior  to  posterior  ends,  it  was  possible  to  select  3  areas  for  meas- 
urements;  one  from  near  the  anterior  end,  one  from  the  center,  and  one  from  the 
posterior  end  of  the  gland.  From  these  sections,  representative  areas  were  selected 
from  between  the  center  and  the  periphery  of  the  section  and  were  projected  on  to 
photographic  paper.^  The  areas  of  the  acini,  within  the  epithelial  cells  lining  it,  were 

*  A  portion  of  this  investigation  was  carried  out  at  the  Biology  Department,  University  of  Pitts- 
burgh,  Pittsburgh,  Pa. 

•  Insurance  Bromide  Photographic  Paper — Eastman  Kodak  Company. 

Appreciation  is  expressed  to  Dr.  John  C.  Donaldson,  School  of  Medicine,  University  of  Pittsburgh, 
for  his  numerous  suggestions  and  criticisms  during  the  progress  of  this  study. 
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measured  with  a  planimeter.  All  of  the  whole  follicles  on  the  print  were  measured, 
those  that  were  transected  by  the  edge  of  the  field  being  discarded.  The  number 
of  follicles  measured  averaged  19  per  print  or  57  per  gland.  The  measurements  for 
each  print  were  then  averaged  separately  and  the  3  figures  obtained  for  each  section 
were  then  averaged.  This  figure  gave  the  index  of  the  gland  in  units,  the  logarithm 
of  which  was  plotted  against  the  age  of  the  animal  (fig.  ii). 

OBSERVATIONS 

In  spite  of  many  irregularities,  the  thyroid  gland  of  the  mouse  presents  a  fairly 
consistent  picture  when  viewed  from  the  standpoint  of  age  changes.  It  is  only  by 
considering  mice  of  the  same  age  groups  that  any  conclusions  can  be  drawn  concern- 
ing  the  true  histological  picture.  In  general,  there  is  no  significant  difference  between 
the  appearance  of  male  and  virgin  female  thyroids  so  we  shall  discuss  them  in 
combined  groups. 

J^ew'born  mice  The  thyroid  gland  taken  from  a  mouse  at  birth  is  relatively  undiffer¬ 
entiated.  (fig.  i).  The  acini  that  are  present  are  newly  forming,  few  in  number,  and 
fairly  small.  The  epithelium  of  these  structures  is  usually  of  the  active  type  with  tall 
cells  and  usually  show  secretion  vacuoles.  The  colloid  appears  fairly  “thin”  and  has 
little  or  no  affinity  for  eosin  when  stained  by  the  same  technic  as  used  for  the  older 
glands.  The  picture  is  similar  to  that  of  the  thyroid  of  the  13-month-old  human 
being  described  by  Cooper  (i). 

Ages  1 5  to  28  days.  In  this  group,  we  find  that  the  gland  is  beginning  to  differen¬ 
tiate  and  presents  a  more  nearly  typical  thyroid  picture  (fig.  2).  Numerous  small 
active  follicles  are  found.  The  younger  animals  of  this  group  show  few  resting  fol¬ 
licles,  many  of  them  presenting  evidence  of  colloid  resorption.  The  interstitial  tissue 
is  increased  in  amount.  The  older  animals  of  this  group  exhibit  a  lessening  of  follicular 
activity  as  evidenced  by  the  enlarged  follicles  and  lowered  epithelium,  and  the  ab¬ 
sence  of  vacuoles  (fig.  3).  These  glands  correspond,  in  appearance,  to  those  of  the 
5 -year-old  human  being  except  on  two  points:  in  man,  many  follicles  are  often  very 
irregular  in  shape  and  show  large  central  vacuoles  in  the  colloid.  The  large  central 
vacuoles  are  not  found  in  the  mouse  of  this  age  group  and  the  follicles  are  generally 
round  or  oval  with  a  rather  even  outline. 

Ages  29  to  40  days.  This  group  shows  the  changes  occurring  in  the  thyroid  as 
the  animal  is  passing  through  the  transition  from  the  immature  to  the  mature  animal. 
The  most  striking  fact  is  the  loss  of  colloid  from  the  follicles.  In  most  animals,  this 
effect  is  first  seen  at  about  32  days,  although  it  may  appear  as  early  as  29  or  as  late 
as  36  days.  The  loss  of  colloid  varies  from  a  slight  depletion  to  a  total  disappearance. 
A  slight  loss  is  indicated  by  large  vacuoles  in  the  colloid  (fig.  4),  while  a  more  com¬ 
plete  loss  is  seen  where  only  remnants  of  the  original  secretion  remains.  In  other 
follicles,  the  total  loss  of  colloid  is  accompanied  by  a  breakdown  of  the  epithelium 
composing  the  luminal  walls  (fig.  5).  Highly  active  follicles  showing  the  character¬ 
istic  pink  staining  colloid  with  a  large  number  of  peripheral  vacuoles,  and  high 
cuboidal  epithelium  are  also  seen  at  this  age. 

Ages  41  to  80  days.  At  about  40  days  of  age,  the  effects  of  the  change  from  the 
immature  to  the  mature  animal  have  become  less  marked  and  the  gland  takes  on  a 
more  stable  appearance.  The  glands  of  this  group  present  a  uniform  appearance 
except  for  the  size  of  the  follicles.  In  the  40-day-old  animal,  there  are  many  large 
follicles  arranged  in  a  graded  series  from  the  larger  follicles  at  the  periphery  to  the 
smaller  ones  at  the  center  of  the  gland.  Very  few  newly  forming  follicles  are  seen 
in  the  mouse  at  this  age.  In  most  cases,  a  few  quite  active  follicles  are  seen  toward 
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Fig.  I.  Thyroid  of  a  i  daY'Old  mouse  showing  the  small  follicles  and  poor  differentiation 
OF  the  tissue.  Fig.  1.  Thyroid  of  i^-dayold  mouse  showing  medium  sized  active  follicles.  Note 
numerous  interfoUicular  elements.  Fig.  j.  Thyroid  of  iS-day-old  mouse  showing  the  increased  size 
OF  THE  follicles  AND  STORAGE  OF  COLLOID.  Note  the  relative  sizes  of  the  follicles  from  the  periphery  to 
center  of  the  gland.  Fig.  4.  Thyroid  of  a  ji-day-old  mouse  showing  peripheral  vacuoles  in  the 
FOLLICLES.  Fig.  5.  Thyroid  of  ji-dayold  mouse  showing  empty  follicles  frequently  seen  at  this  age. 

Fig.  6.  T HYROID  OF  A  46'DAY'OLD  MOUSE  SHOWING  ACTIVE  FOLLICLES  IN  CENTER  OF  THE  GLAND.  (Fig.  5  X  JIO. 

Others  Xi65.) 

the  center  of  the  gland  (fig.  6).  This  stage,  in  the  mouse,  corresponds  very  well  with 
the  25'year'old  human  thyroid  as  described  by  Cooper  (i). 

Ages  8i  to  i8o  days.  These  older  glands  are  of  the  type  in  which  the  secretion 
is  well  ahead  of  the  demands  of  the  body.  If  studied  in  chronological  order,  they  pre- 
sent  a  gradually  increasing  number  of  large  and  apparently  inactive  follicles.  These 
large  follicles  are  no  longer  confined  to  the  edge  of  the  gland  as  in  the  earlier  types, 
but  begin  to  appear  in  the  interior  part  of  the  gland  (fig.  7).  The  most  marked  cases 
of  storage  of  colloid  show  a  very  small  area  in  the  center  devoted  to  small  follicles, 


Fig.  7.  Thyroid  of  iyo-dayold  mouse  showing  the  invasion  of  the  interior  of  the  gland  by 

LARGE  WELL-FILLED  FOLLICLES.  Fig.  8.  ThYROID  OF  80-DAY-OLD  MOUSE  SHOWING  LARGE  MASSES  OF  STORED, 
COLLOID  IN  THE  FOLLICLES  AND  THE  CHARACTERISTIC  LOW  CUBOIDAL  EPITHELIUM.  Fig.  9.  ThYROID  OF  110 
DAY-OLD  ANIMAL  SHOWING  THE  LARGE  AREA  OF  CYSTIC  DEGENERATION  SO  COMMON  IN  THE  OLDER  ANIMALS. 

Fig.  10.  Oil  immersion  view  showing  the  i  types  of  interfollicular  cells  observed  in  the  mouse. 
(Fig.  10,  X  595.  others,  X165.) 


possibly  due  to  the  limited  technic  used.  In  tissue  stained  with  H-E,  these  cells  in 
the  interfollicular  spaces  may  be  distinguished  by  their  nuclear  difference.  The  most 
common  type  is  the  cell  with  the  large  round  nucleus  containing  a  definite  net  of 
chromatin  (fig.  10).  The  less  common  type  of  cell  contains  an  elliptical  or  elongated 
nucleus  with  fairly  dense  chromatin.  These  nuclei  stain  a  deep  blue  and  often 
resemble  connective  tissue  cells  in  shape.  The  amount  of  interfollicular  tissue  is 
closely  correlated  with  age  in  the  younger  groups.  In  the  new-born  animal,  the  bulk 
of  the  gland  is  composed  of  interfollicular  cells,  with  few  follicles.  While  the  animal 
is  still  immature  (15  to  28  days)  there  is  quite  a  quantity  of  these  cells  which  appears 
to  be  located  chiefly  in  the  central  portion  of  the  gland  with  a  scarcity  at  the  periph¬ 
ery.  In  older  animals  (28  to  60  days)  there  are  such  large  numbers  of  follicles  that  the 
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while  the  great  bulk  of  the  gland  is  composed  of  inactive  follicles  with  a  greatly 
reduced  amount  of  interfollicular  material  (fig.  8). 

Ages  200  to  250  days.  The  thyroids  of  this  age  group  contained  follicles  similar 
in  appearance  to  those  of  the  preceding  group.  However,  with  increasing  age, 
large  areas  of  cystic  degeneration  appeared  in  the  central  portion  of  the  gland  with 
a  compression  of  the  intact  follicles  that  were  contiguous  (fig.  9).  This  appears  to 
represent  regressive  changes  incidental  to  the  increased  age  of  the  mice. 

Interfollicular  cells.  In  the  thyroid  of  the  mouse,  there  apparently  are  two  types 
cf  interfollicular  cells.  The  two  types  are  not  particularly  demarcated  in  our  material. 
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interfollicular  cells  take  on  the  appearance  of  islands  of  cells  surrounded  by  follicles. 
In  the  older  animals,  these  islands  seem  to  become  fewer  and  fewer,  but  they  do  not 
entirely  disappear  within  the  range  of  the  ages  studied. 

The  curve  of  follicular  measurements  plotted  against  age  (fig.  1 1)  indicates  that 
the  size  of  the  follicles  increases  rapidly  until  about  20  days,  a  more  gradual  increase 
taking  place  from  this  age  to  125  days,  after  which  a  plateau  appears  to  be  reached 
with  little  change  in  the  folUcle  size  being  noted  as  far  as  this  study- was  carried. 
The  areas  of  cystic  degeneration  occurring  in  thyroids  of  22  5 -day-old  animals 
prevented  measurements  beyond  this  age. 

DISCUSSION 

The  literature  dealing  with  the  histology  of  the  thyroid  is  not  very  informative 
considering  the  physiological  importance  of  this  structure.  Abbott  and  Prendergast 
(5)  have  described  the  glands  of  various  wild  animals  of  Western  Canada,  Lowe  (6) 
has  discussed  the  gland  in  the  sheep,  Bensley  (7)  the  opossum,  and  the  remainder 
of  the  work  has  been  done  on  common  laboratory  animals.  Zechel  (8)  has  described 


Fig.  II.  Graph  of  follicular  measurements  against  animal  age. 

follicular  destruction  and  reconstruction  and  thyroid  degeneration  in  the  dog. 
Several  studies  have  been  made  on  the  rat  (9-12).  Apparently  Cramer  (13)  is  the 
only  worker  to  have  studied  the  mouse.  To  our  knowledge,  there  is  no  available  data 
that  takes  into  consideration  the  normal  variations  that  occur  at  various  ages  of  the 
mouse  on  which  to  base  experimentally  induced  conditions. 

Although  there  is  some  diversity  in  the  structure  of  the  thyroid  gland  in  various 
animals,  they  have  many  phenomena  in  common  with  the  mouse.  If  we  are  able  to 
interpret  the  histological  condition  of  the  thyroid  as  being  indicative  of  the  physio¬ 
logical  state  of  the  organism,  age  changes  can,  to  a  certain  extent,  be  correlated  with 
certain  physiological  manifestations.  The  condition  of  the  new-born  animal,  in  which 
new  follicles  appear  to  originate  by  the  orientation  of  the  epithelial  cells  to  form  pale 
staining  vacuoles,  indicates  that  the  gland  is  in  a  very  high  plane  of  activity.  In 
the  15-day-old  animal,  a  number  of  small  and  medium  sized  follicles,  having  some 
colloid  storage,  are  formed.  The  colloid  storage  has  increased  somewhat  in  the  27-day- 


626 


R.  DALE  SMITH  AND  W.  F.  STARKEY 


Volume  27 


old  animal  and  a  few  inactive  follicles  appear  in  the  section.  The  increase  in  the  mass 
of  the  gland  as  seen  in  section  and  the  fact  that  the  slope  of  the  follicular-age  curve 
(fig.  ii)  has  not  become  less  in  this  period  indicate  that  the  demand  for  thyroid 
secretion  has  probably  remained  the  same  and  the  supply  of  secretion  has  become  a 
little  more  plentiful. 

The  mouse,  in  this  strain,  reaches  sexual  maturity  at  30  to  ja  days  of  age.  The 
glands  of  animals  of  this  age  group  (30  to  38  days)  show  varying  degrees  of  stimulation 
indicating  that  there  has  been  a  call  for  colloid.  The  presence  of  many  active  follicles 
shows  that  the  gland  is  maintaining  its  high  rate  of  production  and  attempting  to 
stave  off  complete  depletion  of  the  colloid  reserve.  The  connection  between  the 
initiation  of  function  of  the  gonads  and  the  sudden  demand  for  thyroid  secretion  is 
not  quite  clear.  At  about  38  days,  the  gland  of  the  mouse  has  regained  most  of  its 
colloid  storage  and  shows  signs  of  again  placing  the  supply  above  the  demand.  From 
this  point  on  the  gland  shows  greater  and  greater  storage,  the  number  of  large  well- 
filled  follicles  continuing  to  increase. 

In  the  normal  animal  of  about  60  days  of  age,  there  is  a  fairly  orderly  arrangement 
of  the  follicles.  The  larger  follicles  appear  to  be  relegated  to  the  outer  edges  of  the 
gland,  with  the  smaller  ones  in  the  medial  portion,  a  graded  series  lying  between 
the  two  extremes.  Fischbom  (12)  noted  this  arrangement  as  evidenced  by  his 
measurements  on  the  gland  of  one  animal.  With  increase  in  age,  the  follicles  become 
more  uniform  in  size  and  condition.  At  220  days  of  age,  large  areas  of  cystic  degenera¬ 
tion  appeared  in  the  center  of  the  gland,  compressing  the  cellular  elements  and  the 
follicles  that  remained  intact. 

Very  few  quantitative  studies  have  been  made  on  the  thyroid  and  the  matter 
of  follicular  size  has  been  practically  ignored.  Marza  and  Marza  (14)  published  a  note 
on  the  use  of  planimeter  measurements  in  the  interpretation  of  the  development  of 
the  guinea  pig  thyroid.  Fischborn  (12),  in  his  studies  on  the  rat  using  diameter 
measurements,  measured  the  long  axis  of  the  follicles  and  made  his  second  measure¬ 
ment  at  right  angles  to  the  first.  Although  it  is  obvious,  in  our  study,  that  all  the 
follicles  were  not  cut  through  their  maximum  diameters,  it  is  assumed  that  by  taking 
random  sections  there  will  be  obtained  an  index  which  is  relatively  constant;  that 
the  number  of  follicles  on  a  plate  cut  through  their  small  diameter  will  be  com¬ 
pensated  for  by  the  number  cut  through  their  greatest  diameter.  Considering  that 
the  data  are  only  relative,  it  is  seen  that  certain  conclusions  may  be  drawn.  The 
follicles  of  the  new-born  animal,  being  small,  give  a  sharp  slope  to  the  curve  up  to 
about  20  days.  The  slope  becomes  less  pronounced,  but  gradually  increasing  to 
about  1 10  days  when  it  starts  to  level  off  to  a  stable  plateau. 

The  interfollicular  cells  are  thought  to  play  an  important  part  in  the  formation 
of  the  follicle.  Notable  papers  have  appeared  by  Nonidez  (15)  and  Raymond  (16) 
in  which  the  thyroid  was  subjected  to  Cajal’s  silver  nitrate  technic.  In  the  rabbit, 
cat  and  dog  there  was  noted  a  second  epithelial  component  or  ‘parafollicular’  cell 
in  contradistinction  to  the  rest  of  the  cells  which  make  up  the  parenchyma  of  the 
interfollicular  material.  Zechel  (8)  considers  that  these  interfollicular  cells  may  be 
involved  in  follicle  formation.  Two  types  of  cells  similar  to  those  described  by  the 
previous  workers  have  been  observed  by  us  in  the  mouse  thyroid. 

SUMMARY 

A  study  of  age  changes  occurring  in  the  thyroid  glands  of  albino  mice,  from 
birth  to  250  days  of  age,  has  been  made.  The  histdogy  of  the  follicles  and  inter- 
follicular  cells  at  various  age  levels  has  been  presented  and  discussed.  Measurements 
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of  follicular  areas  have  also  been  considered  in  relation  to  age  in  an  attempt  to  place 
the  normal  variations  on  a  quantitative  basis. 
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ADRENALIN'INDUCED  OPACITIES  OF 
THE  LENS  IN  THE  RAT 

CAROLINE  TUM  SUDEN  and  LELAND  C.  WYMAN 
From  the  Physiological  Laboratory  of  Boston  University  School  of  Medicine 
and  the  Evans  Memorial,  Massachusetts  Memorial  Hospitals 

BOSTON,  MASSACHUSETTS 

rtT  TEMPTS  that  we  have  made  to  produce  in  the  rat  a  temporary  loss  of  trans' 
/A  parency  of  the  lens  by  a  single  injection  of  adrenalin,  similar  to  that  reported 
-L  ^  for  the  mouse  (i),  have  failed  because  of  a  species  difference  in  the  reaction 
to  this  substance.  Opacification  of  the  lens  can  be  produced  in  the  rat,  however,  when 
the  adrenalin  effect  is  superimposed  upon  a  moderate  degree  of  histamine  shock.  The 
study  of  the  influence  of  adrenalin  upon  the  lens  has  therefore  been  extended  to  rats 
with  various  degrees  of  cortico^adrenal  insufficiency. 

METHODS 

The  effects  of  single  toxic,  intraperitoneal  injections  of  adrenalin  chloride  alone,  of  his¬ 
tamine  (ergamine  acid  phosphate),  and  of  histamine  followed  by  adrenalin  in  lo  to  20  minutes, 
were  observed  in  normal  adult  male  and  female  rats  raised  on  a  diet  of  Purina  Chow  and 
greens.  In  addition,  the  effects  of  injections  of  adrenalin  only,  were  observed  in  adrenalectO' 
mized  rats  during  the  second  week  after  operation  and  in  adrenalectomized  rats  with  autcp 
plastic  corticcpadrenal  transplants  in  the  dorsal  body  muscles  or  under  the  ovarian  capsule 
(transplants)  two  or  more  months  after  operation.  A  few  blood  sugar  determinations  were 
made  at  various  stages  in  representative  rats  from  each  group  by  both  the  Hagerdorn'Jen' 
sen  (HJ)  and  the  FolimMalmros  (FM)  micro-methods.  The  eyes  were  examined  by  oblique 
illumination  under  moderate  magnification  for  detecting  the  initial  or  slight  changes  in  clarity 
of  the  lens.'  Biopsies  of  the  cataractous  eye  were  made  to  determine  the  location  and  nature  of 
the  opacity. 

RESULTS 

Adrenalin.  The  rat  was  found  to  be  at  least  twice  as  susceptible  to  adrenalin 
intoxication  as  the  mouse.  Death  after  sufficient  doses  (0.25  mg.  to  0.35  mg.  per  100 
gm.)  and  recovery  after  smaller  doses  ensued  rapidly  (cf.  2).  Consequently,  unUke 
results  in  the  mouse  (i),  there  appeared  to  be  no  sublethal  range  of  adrenalin  dosage 
•  wherein  the  intensity  and  duration  of  the  toxic  reaction  to  the  drug  seemed  to  allow 
time  for  the  manifestation  of  lenticular  disturbances.  In  a  very  few  apparently  normal 
rats  (8  out  of  123)  recovery  or  death  after  the  injection  of  0.3  or  0.4  mg.  of  adrenalin 
was  delayed;  so  that,  during  the  first  hour  or  so,  opacities  did  occur  similar  in  all 
respects  to  those  observed  in  mice.  Six  of  these  eventually  recovered  completely,  and 
the  lens  regained  its  transparency  within  2  to  3  hours.  In  view  of  subsequent  observa¬ 
tions,  however,  it  is  suspected  that  this  reaction  is  not  characteristic  of  the  vigorous 
healthy  rat,  but  was  evidence  of  some  undetected  temporary  debiUty. 

In  the  transplant,  lacking  medullo-adrenal  activity,  adrenalin  was  unquestionably 
more  toxic  than  in  the  normal  rat  (cf.  2), and  the  clarity  of  the  lens  was  unaltered  dur- 

*  Wc  are  indebted  to  Dr.  William  D.  Rowland  and  to  Dr.  Henry  M.  Emmons  for  confirming  many 
of  the  observations  by  ophthalmoscopic  examination,  and  for  helpful  advice. 
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ing  the  brief  pericxl  before  death.  With  sublethal  doses  the  usual  symptoms  developed 
more  slowly  and  less  intensely,  but  by  the  end  of  i  to  2  hours  no  opacities  had  de^ 
veloped  and  recovery  was  definite  enough  to  assure  survival. 

In  adrenalectomized  rats  and  in  a  few  with  degenerated  grafts  the  adrenalin  re^ 
sponse  was  distinctly  modified  (cf.  2).  The  immediate  reaction  was  so  reduced  in  in' 
tensity  that  53  of  the  63  deaths  in  this  group  of  94  occurred  in  from  2  to  24  hours  (ave. 
6  hr.).  As  a  result  34%  of  the  group  developed  single  or  double  opacities  within  30 
to  60  minutes  of  the  injection,  and,  depending  upon  the  intensity  attained,  cleared 
during  the  following  hour  or  two.  The  time  of  onset,  duration  and  the  type  of  opacity 
(milky  hydrated  condition  in  the  subcapsular  anterior  cortical  tissue  of  the  lens)  as 
well  as  the  variations  in  density  were  the  same  as  described  for  mice,  but  the  inci' 
dence  of  cataract  was  lower  and  the  optimum  dosage  of  adrenalin  was  closer  to  the 
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M.L.D.  Furthermore  clearing  of  the  lens  in  the  cataractous  cases  was  not  as  indicative 
of  complete  recovery  as  it  was  for  the  mouse,  for  within  the  next  few  hours  several 
relapsed  into  shock  and  died  with  a  hypoglycemic  type  of  convulsion. 

The  effects  of  adrenalin  on  rats  after  a  moderate  fast  of  about  12  hours  (overnight) 
are  treated  separately  because  a  slight  intensification  of  the  reaction  followed  this 
procedure.  In  normal  rats  the  total  percentage  of  acute  deaths  was  raised  from  63.4 
to  90.3,  while  in  the  adrenalectomized  series  the  incidence  of  opacities  increased  from 
34  to  45.4%  along  with  a  questionably  significant  rise  in  the  number  of  acute  deaths. 
This  is  similar  to  the  findings  obtained  on  fasted  mice  as  regards  opacification  of  the 
lens,  but  the  greater  mortality  in  mice  was  due  to  an  increase  in  subacute  deaths  with 
a  definite  decrease  in  the  number  of  acute  deaths.  The  increase  of  cataracts  in  the 
fasted  animals  stresses  the  metabolic  aspect  of  adrenalin'induced  opacities  and  indi' 
cates  the  complexity  of  factors  involved  in  this  problem. 

Histamine.  In  normal  rats  pretreatment  with  histamine  produced  a  shift  from  the 
acute  to  the  subacute  type  of  death  from  adrenalin  intoxication  and  thus  allowed  the 
development  of  cataract,  so  that  the  reaction  resembled  that  observed  in  mice  and  in 
adrenalectomized  rats.  The  incidence  was  higher  (41  to  72.5%)  but  the  average  time 
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of  onset  tended  to  be  somewhat  later  (50  to  60  min.  vs.  35  to  40  min.  in  the  adrena- 
lectomiaed  series)  although  in  a  few  cases  clouding  of  the  lens  appeared  as  early  as  oo 
minutes  and  as  late  as  100  minutes.  Regardless  of  the  time  of  onset  the  duration  ofthe 
cataract  was  associated  with  the  density  attained  and  the  speed  of  recovery  from 
intoxication,  so  that  transparency  of  the  lens  was  impaired  for  varying  periods  of  time 
(from  a  minimum  of  35  min.  to  a  maximum  of  5  hr.).  In  the  majority,  however,  only 
partial  clearing  obtained,  the  process  apparently  being  arrested  by  the  earlier  cub 
mination  of  the  more  intense  shock  syndrome.  As  in  non'pretreated  mice  the  per' 
centage  of  opacities  increased  with  the  dosage  of  adrenalin  (61.1%  with  0.5  mg.). 

It  appeared  that  opacification  was  favored  not  only  by  the  modification  produced 
by  histamine  but  also  by  the  increased  amount  of  adrenalin  tolerated  because  of  the 
antagonism  between  the  two  drugs.  With  0.5  mg.  of  adrenalin,  a  100%  lethal  dose 
for  the  normal  rat,  20%  survived  and  another  20%  were  killed  for  biopsy  before 
either  death  or  survival  was  assured.  In  7  young  rats  (60  to  90  gm.)  100  mg.  per  100 
gm.  of  histamine  was  given  prior  to  i  mg.  per  100  gm.  of  adrenalin.  Five  developed 
cataracts,  3  of  which  cleared  within  2  to  3  hr.  with  survival  and  2  were  killed  for 
biopsy  (one  after  partial  clearing).  Although  young  rats  may  be  more  resistant  to 
adrenalin  than  the  adult,  more  than  0.5  mg.  per  100  gm.  is  100%  fatal. 

If  the  ratio  of  histamine  to  adrenalin  exceeded  100:  i  the  incidence  of  cataract 
declined.  The  optimum  ratio  for  mice  is  25;  i  (i). 

Potassium.  Modification  of  the  adrenalin  reaction  in  the  normal  rat  by  the  injec' 
tion  of  potassium  chloride  was  attempted  because  of  the  intimate  association  of  this 
cation  with  the  physiological  disturbances  occurring  in  histamine  shock  (3)  and  in 
adrenal  insufficiency  (4).  In  rats  with  cortico^adrenal  function  a  single  toxic  intra' 
peritoneal  injection  of  potassium  salts  alone  does  not  simulate  these  conditions  but 
resembles  acute  adrenalin  poisoning,  unlike  the  intensification  of  cortical  insufficiency 
by  potassium  in  the  adrenalectomized  rat.  As  others  have  shown,  an  elevation  of  the 
serum  potassium  is  not  maintained  following  a  single  injection  of  the  salt  but  reap¬ 
pears  in  the  course  of  40  to  60  minutes  (5,  6,  7).  In  these  experiments,  therefore,  the 
adrenalin  was  given  40  to  60  minutes  after  the  maximum  tolerated  amounts  of  potas¬ 
sium  chloride.  As  after  histamine  or  adrenalectomy  the  total  mortality  from  0.25  to 
0.3  mg.  of  adrenalin  was  reduced  (from  66.1  to  27.7%),  the  time  of  death  in  the  major¬ 
ity  of  cases  was  postponed  (from  the  first  to  the  eighth  hour  after  injection),  and 
the  incidence  of  transitory  opacification  of  the  lens  was  increased  (from  6.5  to  22.2%). 

Ergotamine.  After  pretreatment  of  adrenalectomized  rats  with  gynergen  II  (San- 
doz)  the  effect  of  adrenalin  was  markedly  suppressed.  No  opacification  of  the  lens 
occurred.  All  survived  24  hours  or  longer.  Suppression  of  metabolic  changes,  espe¬ 
cially  those  of  carbohydrate  origin,  as  well  as  vasomotor  disturbances  might  be 
involved. 

Manometric  records  of  blood  pressure  were  taken  under  urethane  anesthesia  in 
a  few  typical  cases.  The  usual  intraperitoneal  injections  of  adrenalin  in  non-pre treated 
adrenalectomized  rats  produced  a  prompt  rise  of  the  blood  pressure  (from  89  to  134 
mm.  Hg)  which  gradually  declined  to  shock  levels  in  the  course  of  2  to  3  hours,  while 
after  gynergen  the  pressor  effect  did  not  obtain.  However,  after  pretreatment  with 
histamine  the  pressor  effect  of  adrenalin  was  insignificant,  the  pressure  slowly  rising 
(from  50  to  72  mm.  Hg)  during  the  course  of  an  hour.  Nevertheless,  within  40  to  50 
minutes  after  adrenalin,  opacification  of  the  lens  developed,  showing  that  the  process 
did  not  depend  upon  hypertension. 

Blood  sugar.  Although  tail  blood  was  easily  obtainable  in  normal  rats,  in  the 
treated  animals  because  of  circulatory  stasis  only  heart  blood  samples  could  be  ob¬ 
tained  in  many  cases.  Blood  sugar  was  determined  by  both  the  HJ  and  FM  methods. 
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but  unless  the  characteristically  higher  values  for  the  latter  showed  a  significant  dis¬ 
crepancy  the  figures  are  not  treated  separately  below.  In  non-fasted  normal  rats  and 
transplants,  initial  blood  sugar  values  averaged  99  mg.%  (24  cases).  After  adrenalin 
a  definite  hyperglycemia  was  present  at  death,  9  to  33  minutes  after  the  injection. 
The  average  for  normals  was  249  mg.%  (6  cases)  and  for  transplants  166  (18  cases). 

In  normal  rats,  10  minutes  after  the  injection  of  histamine,  there  was  an  elevation 
of  blood  sugar  from  an  initial  average  of  106  mg.%  HJ  to  149.  Following  the  sub¬ 
sequent  injection  of  adrenalin  the  blood  sugar  fell  in  the  cataractous  rats,  averaging 
105  mg.%  HJ  (about  one  hour  after  injection,  4  cases).  In  the  non-cataractous  rats 
relatively  hypoglycemic  levels  obtained  during  the  third  to  the  fourth  hour  after 
adrenalin,  varying  from  about  60  mg.%  to  less  than  35  (6  cases). 

The  initial  blood  sugar  of  the  adrenalectomited  rats  varied  from  59  to  109  mg.% 
(10  cases)  according  to  the  degree  of  cortical  insufficiency  present.  Within  i  hour  after 
the  injection  of  adrenalin  the  blood  sugar  rose  slightly,  according  to  the  Hagerdorn- 
Jensen  method  (e.g.  from  59  to  87).  By  the  Folin-Malmros  method,  however,  blood 
reducing  values  averaging  206  mg.%  in  6  cataractous  cases  and  158  in  ii  non-catarac¬ 
tous  cases  were  obtained,  the  discrepancy  being  attributable  to  non-glucose  reducing 
substances  (cf.  i).  After  the  first  hour  following  adrenalin  the  blood  sugar  fell  progres¬ 
sively  (as  the  transparency  of  the  lens  was  reestablished  in  the  cataractous  cases)  to 
hypoglycemic  levels,  both  methods  giving  similar  values. 

■  DISCUSSION 

The  transitory  lenticular  opacities  induced  in  the  rat  by  a  modified  adrenalin 
intoxication  were  essentially  identical  with  those  obtained  in  the  mouse  (i),  and  ap¬ 
peared  to  be  correlated  with  the  same  sequence  of  metabolic  and  circulatory  dis¬ 
turbances.  The  frank  dependence  of  the  process  upon  the  presence  of  conditions 
favoring  circulatory  collapse,  anhydremia  and  tissue  edema  (cf.  3, 8)  substantiated  the 
emphasis  given  by  Fischer  (9)  and  Braun  (10)  to  the  fundamental  importance  of  ad¬ 
verse  salt  and  water  balance  in  the  mechanism  of  cataract  formation  associated  with 
carbohydrate  disturbances.  Nevertheless,  as  in  mice,  cataractous  changes  in  rats  have 
not  been  found  to  occur  during  histamine  shock,  potassium  intoxication  or  cortico- 
adrenal  insufficiency  alone.  As  the  lens  change  initiated  by  adrenalin  poisoning 
roughly  coincided  with  the  expected  hyperglycemic  period,  the  carbohydrate  aspect 
presented  itself  even  though  the  conditions  favoring  a  high  incidence  of  cataract  were 
those  in  which  low  or  depleted  glycogen  reserves  are  typical.  The  relatively  low  blood 
sugar  and  the  increased  non-glucose  reducing  substances  during  the  period  of  cataract 
in  the  rat  or  mouse,  and  the  true  hyperglycemia  obtained  in  the  non-cataractous  ani¬ 
mals,  showed  that  the  essential  derangement  was  not  in  the  direction  of  a  marked 
elevation  of  the  blood  glucose. 

Since  adrenalin-induced  cataracts  in  the  rat  follow  upon  histamine  shock,  potas¬ 
sium  poisoning  or  cortical  deficiency,  it  may  be  that  the  process  of  opacification  reflects 
a  temporary  depletion  (4)  or  failure  of  the  cortico-adrenal  activity  necessary  to  sup¬ 
port  the  required  oxidative  processes.  In  the  mouse,  which  does  not  regularly  succumb 
to  the  immediate  reactions  of  adrenalin  in  the  smaller  dosages  which  are  fatal  to  the 
rat,  the  more  profound  secondary  reactions  thus  allowed  may  make  excessive  demands 
upon  cortico-adrenal  function,  so  that  temporary  instability  of  the  lenticular  col¬ 
loidal  system  follows  adrenalin  alone. 

SUMMARY 

Rats  died  shortly  after  single  injections  of  adrenalin  in  amounts  one-fourth  to 
one-half  those  required  to  kill  mice. 
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Adrenalin  intoxication  did  not  induce  rapid  transitory  opacification  of  the  lens 
in  vigorous  normal  rats  or  transplants;  but  during  histamine  shock,  potassium  poison' 
ing,  or  cortico'adrenal  insufficiency  the  modified  adrenalin  reaction  produced  the 
same  changes  in  clarity  of  the  lens  as  previously  described  for  mice. 

In  the  rat  (as  in  the  mouse)  the  process  of  opacification  appears  to  be  related  to  a 
derangement  of  carbohydrate  metabolism  (other  than  simple  hyperglycemia)  asso- 
ciated  with  conditions  favoring  circulatory  impairment. 

It  is  suggested  that  depletion  or  failure  of  cortico'adrenal  activity  underUes  the 
systemic  changes  necessary  for  adrenalin'induced  cataract  in  rats  and  mice. 
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ADDISON’S  DISEASE  TREATED  BY  IMPLANTATION 
OF  DESOXYCORTICOSTERONE  ACETATE  PELLETS 

ROBERT  C.  MOEHLIG 

From  the  Department  of  Medicine,  Harper  Hospital  and  Wayne  University 

DETROIT,  MICHIGAN 

The  treatment  of  Addison’s  disease  by  implantation  of  pellets  of  the  synthetic 
adrenal  cortical  hormone,  desoxycorticosterone  acetate,  is  new.  Recently 
Thorn  (i)  and  associates  have  reported  on  6  cases  of  Addison's  disease  treated 
by  implantation  of  this  synthetic  hormone. 

The  subcutaneous  implantation  of  these  pellets  was  followed  by  striking  and 
continued  improvement.  The  pellets  were  slowly  absorbed  and  exerted  a  prolonged 
effect.  The  authors  suggested  that  it  is  desirable  to  first  determine  a  patient’s  daily 
requirement  of  hormone  in  oil,  injected  subcutaneously  or  intramuscularly,  before 
the  pellets  are  implanted.  Pellet  implants  of  crystalline  hormone  appear  to  be,  they 
said,  the  most  efficacious  and  economical  method  available  for  administering  adrenal 
cortical  hormone. 

The  implantation  method  of  treating  endocrine  diseases  bids  fair  to  replace  the 
parenteral  form  of  therapy.  The  advantages  are  obvious. 

Since  this  is  a  very  recent  form  of  treatment,  and  since  Addison’s  disease  is  not 
a  very  common  disease,  the  following  case  report  is  made. 

The  patient,  aged  51  years  was  first  seen  on  January  2,  1937  with  the  complaint  of  ab' 
normal  pigmentation  of  the  skin;  urticaria,  nausea  and  vomiting,  and  loss  of  weight.  He  had 
always  been  dark,  he  said,  but  had  become  much  darker  during  the  last  8  months.  His  mother 
stated  that  his  color  did  not  compare  with  that  previous  to  his  illness.  Associated  with  this 
he  had  marked  weakness,  nausea  and  vomiting.  The  nausea  and  vomiting  had  been  present 
for  one  month,  but  the  weakness  had  been  gradually  progressing  for  8  months. 

In  1929  he  went  to  California  and  the  urticaria  which  he  had  at  that  time  cleared  up. 
This  reappeared  when  he  returned  to  Michigan  in  1931  and  has  been  troublesome  ever 
since. 

Three  weeks  previous  to  being  seen  he  collapsed  from  weakness  on  the  street.  He 
collapsed  10  times  during  a  period  of  3  weeks.  He  was  so  weak  that  it  was  difficult  to  com- 
plete  a  gastro-intestinal  roentgen  study.  He  was  nauseated  and  vomited  every  day  for  3 
weeks.  His  condition  became  so  serious  that  hospitalization  was  advised  and  he  entered 
Harper  Hospital  January  5,  1937.  His  weight  had  been  reduced  from  135  lb.  to  117  lb.  in 
a  period  of  3  weeks. 

Past  history.  The  patient  had  rheumatic  fever  at  the  age  of  18,  and  has  been  impotent 
for  one  year.  He  had  been  observed  at  another  institution  2  years  previously  for  a  period 
of  8  months.  Allergy  and  other  tests  had  been  carried  out  at  this  institution. 

Family  history.  A  maternal  aunt  died  of  Addison’s  disease,  the  diagnosis  having  been 
verified  at  autopsy.  The  mother  was  living  and  well.  The  father  was  accidently  killed;  four 
brothers  and  one  sister  were  living. 

Ph)isical  examination.  This  revealed  a  fairly  well  nourished  and  well  developed  male, 
appearing  chronically  ill.  His  weight  was  117  lb.  on  admission.  On  his  face,  shoulders,  arms 
and  back  was  a  bronze-colored  pigment  with  patches  of  leukoderma  appearing  in  various 
spots  between  the  pigment*  (See  color  photographs). 

*  Addison  described  the  pigmentation  as  a  “dingy  or  smoky  appearance  of  various  tints  or  shades 
of  deep  amber  or  chestnut  brown.”  Leukoderma  patches  showing  atrophy  of  pigment  may  occur  (2). 
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The  photographs*  show  the  distribution  and  color  of  the  pigment.  A  generalized  urti¬ 
carial  eruption  was  also  present,  the  distribution  of  which  is  also  shown  in  the  photographs. 
The  buccal  mucosa  at  the  junction  where  the  upper  and  lower  sets  of  teeth  meet,  showed 
bluish  pigmented  areas.  There  were  bronzed,  pigmented  areas  on  the  buttocks  and  lower 
legs. 

The  thyroid  was  barely  palpable.  The  lungs  were  clear  and  the  heart  sounds  were 
normal.  The  abdomen  revealed  no  abnormalities.  The  reflexes  were  normal. 

The  blood  pressure  fluctuated  between  systolic  68,  diastolic  44,  and  systolic  72,  diastolic 
56  mm.  Hg.  The  temperature  ranged  from  98°  to  99.6°  and  the  pulse  from  80  to  100  per 
minute. 

The  blood  sugar  was  87  mg.  per  100  cc.  of  blood;  blood  nitrogen  was  48  mg.  per  100  cc. 
Blood  chlorides,  as  sodium  chloride,  was  330  mg.  and  two  days  later  396  mg.  per  100  cc.  of 
blood.  The  blood  calcium  was  ii  mg.  and  phosphorus  4.6  mg.  per  100  cc.  The  B.M.R.  was 
-4%.  Blood  count  was  as  follows;  hemoglobin  80%,  erythrocytes  4,500,000;  leucocytes 
6,400;  polymorphonuclears  52%;  lymphocytes  43%;  mast  cells  4%;  eosinophils  1%.  The 
morphological  characteristics  were  normal. 

The  Kahn  test  result  was  negative.  The  urine  was  normal  on  5  examinations. 

Roentgenograms  of  the  chest  revealed  calcified  gland  shadows  at  the  root  of  the  right 
lung,  but  no  parenchymal  involvement  of  either  lung.  Films  of  the  kidneys,  ureter  and  blad¬ 
der  regions  showed  no  evidence  of  calcification  in  the  region  of  the  suprarenal  glands  and 
no  renal,  ureteral  or  vesical  calcuclus  shadow. 

The  study  of  the  gastro-intestinal  tract  disclosed  no  intrinsic  lesion,  either  inflammatory 
or  neoplastic. 

The  patient  was  treated  daily  with  5  cc.  of  adrenal  cortex  extract  parenterally 
and  10  gm.  of  sodium  chloride  orally.  He  immediately  began  improving  and  was  dis¬ 
charged  from  the  hospital  on  January  9,  1937.  His  blood  pressure  readings  were  as 
follows. 

January  6,  1937  78/60  January  8,  1937  86/64 

January  7,  1937  90/58  January  9,  1937  98/62 

He  reported  to  the  office  daily,  except  Sunday,  and  received  2  cc.  of  adrenal  cor¬ 
tex  extract  and  2  cc.  of  pituitary  growth  extract.  The  latter  was  given  in  the  hope  of 
stimulating  the  adrenal  cortex  tissue. 

His  blood  pressure  on  January  14, 1937  was  96/70  and  he  had  gained  3  pounds  in 
4  days  (120  lb.). 

By  February  6  he  felt  very  much  better,  stronger,  and  his  weight  was  133  lb. 
His  blood  pressure  was  now  102/64  and  he  returned  to  work  on  February  12.  On 
February  24  his  weight  had  reached  135  lb. 

He  was  taught  to  give  himself  2  cc.  of  adrenal  cortex  extract  daily  and  to  continue 
his  sodium  chloride.  The  pituitary  extract  was  discontinued.  He  was  seen  at  regular 
weekly  intervals  and  his  blood  pressure  remained  around  110/74  and  his  weight  was 
133  lb.  Potency  had  now  returned. 

On  August  13,  1937,  because  of  marked  edema  of  his  feet  and  legs,  the  sodium 
chloride  was  discontinued,  and  on  his  own  initiative  he  discontinued  the  adrenal 
cortex  extract  therapy.  He  was  seen  on  August  25,  having  been  without  therapy 
for  12  days,  and  he  was  in  a  typical  Addisonian  crisis.  He  was  nauseated,  extremely 
weak  and  exhausted.  His  blood  pressure  was  88/64.  Therapy  was  immediately  re¬ 
sumed,  10  cc.  of  adrenal  cortex  extract  being  given,  and  20  mg.  of  sodium  chloride 
daily.  He  improved  within  a  week  and  returned  to  the  2  cc.  adrenal  cortex  extract 
daily  dosage. 

On  January  6, 1938  he  developed  a  troublesome  rnastitis  of  the  right  breast  which 
cleared  up  in  two  weeks. 

*  My  thanks  are  due  to  Mr.  Frank  Ruslander,  Harper  Hospital  medical  photographer,  for  the  excel¬ 
lence  of  the  photographs. 
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During  the  year  of  1938  he  had  periods  of  leg  and  ankle  edema  and  the  sodium 
chloride  would  be  discontinued  for  a  period  of  time.  Usually  his  blood  pressure 
would  drop,  such  as  occurred  on  April  14  when  it  was  80/54  following  a  lO'day  dis' 
continuance  of  the  salt  intake.  The  same  occurred  on  June  5,  1939  when  he  went 
into  a  relapse  following  discontinuance  of  all  therapy  for  two  weeks  and  his  blood 
pressure  was  88/60.  Five  cc.  of  adrenal  cortex  extract  and  10  gm.of  sodium  chloride 
were  given  daily  and  his  blood  pressure  on  June  16  was  84/60. 

On  June  30, 1939,  5  mg.  of  desoxycorticosterone  acetate®  in  sesame  oil  was  given. 
This  was  given  daily  except  Sunday  and  the  salt  was  discontinued  one  week  follow' 
ing  the  beginning  of  the  new  therapy.  His  blood  pressure  on  July  18  was  114/74 
and  his  weight  138  lb.  He  felt  well  on  this  therapy  and  his  muscular  strength  was 
good.  His  blood  pressure  remained  around  the  112-114  level. 

On  September  7, 1939  a  I'inch  incision  was  made  over  the  mid'portion  of  the  left 
abdomen  and  4  pellets  of  150  mg.  each  (600  mg.  in  all)  of  desoxycorticosterone  acetate 
were  inserted  subcutaneously.  The  wound  was  closed  with  two  linen  sutures. 

On  September  16  the  blood  pressure  was  120/80  and  on  September  23  it  was  132/ 
86.  He  felt  well  and  was  “eating  like  a  horse”  as  he  described  it.  The  blood  nitrogen 
was  33  mg. 

By  September  23  the  urticaria  had  entirely  disappeared.  His  improvement  has 
continued  and  the  blood  pressure  has  remained  in  the  neighborhood  of  132/90.  His 
weight  on  December  9  was  138  lb.,  compared  to  117  lb.  at  the  beginning  of  his  illness. 

On  December  10  he  had  an  acute  coryza  and  upper  respiratory  infection  and  his 
pressure  went  to  systolic  114,  diastolic  80.  However  this  cleared  up  within  ten  days 
and  on  December  20  his  pressure  was  systolic  124,  diastolic  78.  This  contrasts  with 
the  previous  attacks  which  brought  on  a  crisis.  At  the  time  of  the  present  writing 
(January  31,  1940)  he  is  in  very  good  condition,  approximately  5  months  after  im' 
plantation.^  The  blood  chloride,  as  sodium  chloride,  on  February  6, 1940  was  510  mg. 

SUMMARY 

A  case  is  reported  in  a  31'year'old  male  patient  who  presented  all  the  clinical 
criteria  for  the  diagnosis  of  Addison’s  disease.  The  patient  had  been  on  adrenal  cortex 
extract  and  sodium  chloride,  discontinuance  of  which  resulted  in  an  Addisonian 
crisis.  Desoxycorticosterone  acetate  was  given  6  times  a  week  in  5  mg.  doses  for  2 
months.  Subsequent  to  this  600  mg.  of  desoxycorticosterone  acetate  in  the  form  of  4 
pellets  of  150  mg.  each  was  implanted  in  the  abdominal  muscles.  Marked  general 
improvement,  gain  in  weight,  and  a  substantial  increase  in  blood  pressure  resulted 
from  this  form  of  therapy.  The  improvement  has  been  maintained  over  a  period  of  5 
months.  There  has  been  no  noticable  change  in  the  pigmentation  of  the  skin. 
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*  On  July  8,  ten  months  after  implantation  he  is  doing  very  well,  without  further  medication. 


THE  EFFECT  OF  ADRENAL  PREPARATIONS  ON  THE 
ADRENALECTOMIZED  NEPHRECTOMIZED  RAT' 
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COLUMBUS,  OHIO 

SINCE  IT  HAS  BEEN  SHOWN  that  two  activc  fractions  can  be  prepared  from  adrenal 
extract  (i)  we  have  been  curious  to  learn  how  much  of  their  effect  is  through 
the  kidneys.  The  nephrectomized  animal  seemed  to  be  a  convenient  preparation 
for  such  a  study.  Ingle  and  Kendall  (2)  found  that  adrenalectomizedmephrectomized 
rats  survived  a  much  shorter  time  than  racs  nephrectomized  only,  unless  treated 
with  adrenal  extract  which  increased  the  survival  so  that  it  was  almost  as  long  as 
that  for  nephrectomized  animals. 

We  did  not  obtain  the  great  difference  in  survival  time  between  the  nephrectO' 
mized  and  nephrectomized^adrenalectomized  animals  which  they  found.  Therefore  we 
ran  an  extensive  series  at  different  ages  in  order  to  see  whether  age  exercised  an  influ' 
ence.  We  also  determined  the  effect  of  cortin  and  Na  factor  fractions  on  the  survival 
of  the  adrenalectomized-nephrectomized  animals.  Electrolyte  determinations  were 
made  in  a  small  series. 

METHODS 

All  animals  were  males  from  our  own  colony  of  albino  rats  reared  on  Tioga  dog 
biscuits.  They  were  allowed  food  up  to  the  time  of  the  operation  after  which  only 
water  was  available.  Both  adrenals  and  both  kidneys  were  removed  at  one  operation 
while  under  the  influence  of  ether.  Less  than  three  minutes  were  required  for  each 
animal.  A  room  temperature  of  24°  to  29°  C.  was  maintained  throughout  the  experi¬ 
ment. 

The  rats  in  the  series  showing  the  effect  of  age  were  maintained  at  a  more  nearly 
constant  temperature  than  were  those  tested  with  extract. 

Whole  adrenal  extract  was  prepared  by  the  method  of  Cartland  and  Kuizenga 
(3).  The  cortin  fraction  and  Na  factor  fractions  were  made  and  assayed  according  to 
methods  already  described  (i).  The  cortin  was  assayed  in  cat  units,  the  Na  factor 
in  dog  units.  Injections  were  made  subcutaneously  every  8  hours. 

Blood  for  electrolyte  determinations  was  obtained  from  the  exposed  heart.  The 
animal  was  anesthetized  with  nembutal  for  this  purpose  when  he  appeared  moribund. 
Coagulation  was  prevented  by  heparin.  The  plasma  was  separated  promptly  by 
centrifugalization.  The  methods  for  electrolyte  determination  are  described  else¬ 
where  (4). 

RESULTS 

The  influence  of  age  is  shown  in  figure  i.  There  was  an  increased  survival  after 
nephrectomy  beginning  with  an  average  of  31  hours  at  4  weeks  and  reaching  a  maxi¬ 
mum  of  70  to  80  hours  at  12  to  15  weeks.  The  difference  between  the  survival  of 
the  nephrectomized  and  nephrectomized-adrenalectomized  rats  was  never  very  great 
in  any  group. 

*  Aided  by  a  grant  from  The  Rockefeller  Foundation. 
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Blood  was  studied  in  a  series  of  rats  of  the  same  age  as  those  used  for  testing  ex' 
tracts.  The  results  are  shown  in  figure  a.  The  potassium  was  17%  higher  in  the  ne- 
phrectomized'adrenalectomized  rats  than  in  those  nephrectomized  only.  The  sodium 
was  6%  higher  in  the  same  animals  while  the  volume  per  cent  of  erythrocytes  was 
6%  higher.  Loss  of  water  from  the  plasma,  without  proportionate  reduction  of  so¬ 
dium  and  potassium,  accounted  in  part  for  the  rise  in  potassium. 

The  effects  of  extracts  were  studied  before  the  need  of  careful  control  of  tem¬ 
perature  was  appreciated.  However,  all  animals  in  this  series  were  subjected  to  the 
same  variation  in  temperature.  The  rats  nephrectomized  only,  received  no  injections. 
All  others  were  nephrectomized  and  adrenalectomized  and  injected  either  with  ex¬ 
tract  or  0.9%  sodium  chloride  solution.  Of  those  receiving  sodium  chloride  solution, 
II  received  0.5  cc.  and  12  received  2  cc.  at  each  injection.  This  made  no  difference  in 
the  survival.  Therefore  they  are  placed  in  the  same  group  in  figure  5.  Likewise,  of 
those  receiving  cor  tin,  10  received  0.5  cc.  (i  cat  unit)  and  12  received  2.0  cc.  (4  cat 
units)  per  injection.  These  were  also  grouped  together  in  the  chart  because  the  dosage 
used  seems  to  make  no  difference.  The  same  was  true  for  the  rats  receiving  Na  factor. 
Twenty-four  received  0.5  cc.  (1.6  dog  units)  and  12  received  2.0  cc.  (6.6  dog  units). 
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All  appeared  to  have  the  same  survival  range  so  that  they  were  included  in  one 
group.  Whole  extract  containing  8  to  la  cat  units  of  cortin  plus  an  undetermined 
amount  of  Na  factor  in  a  2  cc.  solution  was  injected  every  8  hours  in  each  rat. 

The  chart  shows  the  distribution  of  the  results  together  with  the  averages  for 
each  treatment.  The  average  survival  of  rats  nephrectomi;ed  only,  was  70.7  hours. 
Adrenalectomy  reduced  the  average  26%  (52.3  hr.).  Treatment  with  Na  factor  had 
practically  no  influence  on  survival,  the  average  being  54.2  hours.  Animals  treated 
with  whole  extract  survived  an  average  of  64.7  hours  which  is  only  8.3%  below  the 
survival  time  for  nephrectomized  rats.  Cortin  produced  about  the  same  effect,  the 


ONLY  EXTRACT  TACTOR 

Fig.  j.  Effect  of  adrenal  preparations  on  ncphrectomized-adrenalectomized  rats. 


survival  being  65.2  hours.  This  indicates  that  the  cortin  in  the  whole  extract  is  re^ 
sponsible  for  the  increased  survival  and  that  the  sodium  factor  is  without  effect. 

DISCUSSION 

CXir  observations  show  that  adrenalectomy  makes  little  difference  in  the  survival 
of  nephrectomized  rats  unless  they  are  subjected  to  stress,  such  as  fluctuation  of 
temperature. 

Ingle  and  Kendall’s  nephrectomized'adrenalectomized  animals  survived  an  average 
of  19.5  hours,  while  those  nephrectomized  only,  survived  an  average  of  89  hours. 
Doctor  Ingle  has  informed  us  that  their  experiments  were  conducted  during  hot 
weather.  This  might  account  for  the  short  survival  of  their  adrenalectomized  rats. 

MacKay,  Bergman  and  MacKay  obtained  an  average  survival  of  67  hours  for  rats 
nephrectomized  only.  Rats  both  nephrectomized  and  adrenalectomized  survived  an 
average  of  37  hours.  They  fasted  their  animals  for  48  hours  before  operating.  This 
would  deplete  the  liver  glycogen.  Gluconeogenesis  could  occur  in  animals  with  their 
adrenals  but  would  be  much  reduced  after  adrenalectomy.  They  found  as  we  did  that 
the  rise  in  serum  potassium  was  insufficient  to  account  for  the  decreased  survival 
time. 

Ingle  and  Kendall  found  that  work  decreased  the  survival  of  nephrectomized' 
adrenalectomized  rats  more  than  it  did  those  merely  nephrectomized.  Reduced  glu' 
coneogenesis  may  have  been  a  factor.  Although  treatment  with  adrenal  extract  in' 
creased  the  work  period,  the  latter  failed  to  reach  that  in  rats  nephrectomized  only. 
On  the  other  hand  extract  gave  practically  complete  substitution  for  the  adrenals  in 
rats  not  exercised.  Their  extract  probably  contained  both  cortin  and  Na  factor. 
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It  will  be  noted  that  the  average  survival  of  nephrectomized  rats  was  not  greatly 
different  in  our  series  of  older  rats  and  that  of  MacKay  et  al.,  while  it  was  consider' 
ably  less  than  that  of  Ingle  and  Kendall. 

Our  results  with  adrenal  preparations  indicate  that  beneficial  effects  of  whole 
adrenal  extract  in  nephrectomized'adrenalectomized  rats  are  due  to  the  cortin  ffac- 
tion.  Na  factor  is  without  effect. 

SUMMARY 

Survival  after  nephrectomy  is  shortest  in  young  animals,  increasing  with  age. 
The  maximum  is  reached  at  about  15  weeks. 

Adrenalectomy  has  the  greatest  effect  on  the  survival  of  young  nephrectomized 
rats.  It  may  make  little  difference  after  maturity  unless  the  animal  is  subjected  to 
stress. 

The  plasma  potassium  was  somewhat  higher  in  the  adrenalectomized'nephrec' 
tomi^ed  than  in  the  nephrectomized  animals.  The  sodium  was  also  higher  in  the  same 
animals  while  the  volume  per  cent  of  erythrocytes  was  higher.  Loss  of  water  from 
the  plasma  could  account  in  part  for  the  increase  in  potassium. 

The  effect  of  adrenal  fractions  was  studied  in  adrenalectomized'nephrectomized 
rats  kept  under  conditions  which  caused  a  significant  difference  in  survival.  The  Na 
factor  fraction  had  practically  no  influence  on  survival.  The  cortin  fraction  raised 
the  survival  so  that  it  was  not  far  below  that  of  rats  nephrectomized  only. 
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THE  GLYCOTROPIC  (ANTMNSULIN)  ACTIVITY  OF 
THE  Na  FACTOR  AND  CORTIN  FRACTIONS  OF  THE 
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F.  A.  HARTMAN,  K.  A.  BROWNELL, 

R.  WALTHER  and  A.  EDELMANN 
From  the  Department  of  Physiology,  The  Ohio  State  University 

COLUMBUS,  OHIO 

Recent  results  of  Jensen  and  Grattan  (i)  have  shown  that  adrenal  extracts  have 
a  glycotropic  (anti'insulin)  effect.  This  work  suggested  a  method  for  compari' 
son  of  the  properties  of  the  Na  factor  and  cortin  fractions  of  adrenal  extract. 
In  the  present  study  we  have  compared  the  protection  afforded  by  the  two  fraC' 
tions  against  insulin  convulsions.  Blood  sugar  and  liver  glycogen  have  also  been  de- 
termined  at  different  levels  of  protection. 

METHODS 

The  glycotropic  effect  was  tested  on  male  mice  ranging  from  i8  to  25  gm.  in 
weight.  Food  was  removed  at  the  beginning  of  the  experiment  (8  a.m.)  but  water  was 
available  ad  Ub.  The  animals  were  kept  at  26  to  27°  C.  until  the  injection  of  insulin 
after  which  they  were  maintained  at  34°  C.  in  a  thermostatically  controlled  bath. 
After  a  6'hour  fast,  insulin  was  injected  subcutaneously  in  proportion  to  the  body 
weight.  The  dilutions  were  made  so  that  a  volume  of  0.02  cc.  per  gm.  was  adminis' 
tered.  The  same  lot  of  insulin  was  used  throughout  the  study.  If  convulsions  did  not 
appear  within  3  hours  following  insulin  injection,  protection  was  assumed. 

In  order  to  determine  the  amount  of  insulin  which  would  produce  convulsions 
in  a  large  proportion  of  unprotected  animals  a  series  of  doses  was  tried  as  shown  in 
table  1.  Eight  units  of  insulin  per  kg.  was  the  amount  selected  as  most  suitable. 


Table  i.  Reaction  of  mice  to  insuun 


u/kg. 

No.  of  animals 

No.  in  convulsions 

%  convulsions 

4 

10 

6 

60 

6 

54 

J8 

70 

7 

40 

30 

75 

8 

8j 

78 

94 

9 

20 

19 

95 

10 

10 

10 

100 

The  extracts  used  were  prepared  as  described  elsewhere  (2).  They  were  diluted 
so  that  about  0.25  cc.  was  injected  at  one  time  except  in  the  highest  dose  of  cortin 
and  the  highest  dose  of  Na  factor.  Injections  were  made  at  the  beginning  of  the  fast 
and  every  hour  thereafter,  the  last  injection  being  at  the  end  of  6  hours.  All  injections 
were  made  subcutaneously  except  the  last  which  was  intraperitoneal.  Cortin  was 
assayed  in  cat  units  and  Na  factor  in  dog  units  (2).  Desoxycorticosterone  acetate  was 

*  Aided  by  grants  from  The  National  Research  Council  Committee  on  Research  in  Endocrinology 
and  The  Comly  Fund  of  The  Ohio  State  University. 
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dissolved  in  peanut  oil,  5  mg.  to  i  cc.  In  one  experiment  the  cortin  used  was  boiled 
5  hours  in  the  absence  of  air. 

In  one’  series  of  mice  a  range  of  dosage  of  cortin  and  Na  factor  was  injected  to 
determine  the  minimal  protective  dose  against  insulin  convulsions  for  75%  of  the 
animals.  One  dose  of  desoxycorticosterone  acetate  was  included  in  this  series. 

Blood  sugar  and  liver  glycogen  were  determined  in  a  second  series  of  mice  which 
were  anesthetized  with  sodium  nembutal  before  sampling.  The  blood  was  obtained 
from  the  tail  after  severing  it.  Immediately  thereafter  the  liver  was  removed  and 
immersed  in  30%  potassium  hydroxide.  Glycogen  was  determined  as  glucose  by  the 
method  of  Good,  Kramer  and  Somogyi  (3),  and  blood  glucose  by  the  Shaffer 'Hartmann 
method  as  modified  by  Somogyi  (4).  In  this  series  there  were:  (a),  a  control  group 
fasted  but  not  injected  with  insulin;  (b),  an  insulin  injected  group  sampled  following 
convulsions;  (c),  a  group  injected  with  much  more  than  the  minimal  protective  dose  of 
cortin;  (d),  a  group  injected  with  the  minimal  protective  dose  of  cortin;  (c),  a  group 
injected  with  the  minimal  protective  dose  of  Na  factor;  (f),  a  group  injected  with  less 
than  the  minimal  protective  dose  of  Na  factor. 

All  of  the  animals  in  this  second  series  except  the  insulin  controls  were  sampled 
at  about  the  time  that  untreated  insulin  injected  animals  would  go  into  convulsions. 
This  was  i  to  2  hours  after  insulin  injection. 

RESULTS 

Prevention  of  convulsions.  A  total  of  1.4  c.u.  of  cortin  protected  three'fourths  of 
the  animals  against  insulin  convulsions  whereas  3  d.u.  of  Na  factor  were  required  for 
similar  protection  (table  2).  About  twice  as  many  mice  went  into  convulsions  with 
half  the  dose  of  cortin  (0.6  c.u.)  or  2.5  d.u.  of  Na  factor. 


Table  1.  Effect  of  adrenal  fractions  in  the  prevention  of  insulin  convuuions 


Amount  of  preparation 

Total 

No.  of 
mice 

No.  of 
convulsions 

%  con' 
vulsions 

CC. 

C.U. 

mg. 

3-50 

7.0 

0.87 

10 

1 

10 

0.70 

1-4 

0.17 

18 

4 

22 

Cortin 

0.45 

0.9 

O.ll 

40 

12 

30 

0.31 

0.6 

0.08 

59 

15 

41 

1-45 

0.35 

9 

4 

44 

D.u. 

3-50 

6.3 

0.70 

10 

1 

10 

1-75 

3-1 

0.3? 

12 

3 

15 

Na  factor 

1.40 

0.28 

10 

? 

50 

1.05 

1.9 

0.21 

20 

13 

65 

0.70 

i.a 

0.14 

20 

M 

70 
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All  but  one  of  the  83  mice,  that  went  into  convulsions  with  the  test  dose  of  in' 
sulin  (8  u  per  kg.),  required  less  than  2  hours  for  this  to  occur.  Eleven  of  the  46  con' 
vulsed  cortin'injected,  and  15  of  the  49  convulsed  Na  factor 'injected  mice  required 
longer  than  2  hours  for  convulsions  to  supervene.  In  other  words  these  factors  not 
only  prevented  convulsions  in  some  animals  but  delayed  them  in  others.  The  average 
time  for  the  delayed  cortin  mice  was  143  minutes  and  that  for  the  Na  factor  mice  was 
147  minutes. 
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Boiling  destroyed  about  three^fourths  of  the  glycotropic  potency  of  the  cortin 
fraction,  if  we  compare  the  0.08  mg.  dosage  of  cortin  with  the  boiled  0.35  mg.  dosage, 
in  as  much  as  they  gave  equal  protection.  Desoxycorticosterone  acetate  in  large  dosage 
furnished  little  protection. 

Weight  for  weight  in  dry  solid  content,  the  cortin  fraction  gave  at  least  twice  as 
much  protection  against  insulin  convulsions  as  the  Na  factor  fraction  (see  o.ii  and 
0.17  mg.  cortin;  0.10  and  0.14  mg.  Na  factor,  table  2). 

Blood  sugar  and  liver  glycogen.  The  effects  of  the  adrenal  factors  on  the  blood  sugar 
and  liver  glycogen  in  mice  injected  with  insulin  as  described  above  are  shown  in 
figure  I.  Normal  mice  after  a  7'hour  fast  had  liver  glycogens  ranging  from  0.3  to  1% 
with  blood  sugars  from  100  to  140  mg.%.  Similar  animals  injected  with  insulin  were 
bled  and  killed  as  soon  as  possible  after  convulsions  (during  nembutal  anesthesia). 
They  gave  blood  sugars  ranging  from  20  to  70  mg.%.  The  liver  glycogen  was  0.1% 
or  less. 

Cortin  extract  containing  0.42  mg.  (3.5  c.u.)  of  solid  enabled  the  mice  to  maintain 
an  average  blood  sugar  of  about  60  mg.%  while  the  liver  glycogen  was  enormously 
increased  being  about  4%.  Cortin  extract  containing  0.17  mg.  solid  (1.4  c.u.),  which 
would  be  enough  to  protect  better  than  75%  of  the  animals  from  convulsions,  gave 
an  average  blood  sugar  of  55  mg.%  while  the  liver  glycogen  averaged  3%. 

A  Na  factor  extract  containing  0.35  mg.  solid  (3  d.u.)  was  sufficient  to  protect 
about  75%  of  the  mice  from  insulin  convulsions.  This  amount  gave  an  average  blood 
sugar  of  57  mg.%  and  an  average  liver  glycogen  of  2.6%.  Na  factor  extract  containing 
0.14  mg.  solid  (1.2  D.u.)  which  furnished  only  30%  protection  from  insulin  convuh 
sions,  gave  blood  sugar  averaging  34  mg.%  and  liver  glycogen  averaging  0.7%. 

DISCUSSION 

The  dosage  of  insulin  adopted  by  us  as  most  suitable  for  test  was  4  times  that 
used  by  Jensen  and  Grattan  (i)  assuming  that  the  assays  of  the  two  products  are 
comparable.  The  percentage  of  animals  thrown  into  convulsions  was  little  more  in 
our  experiments  (94%)  than  in  theirs  (88%).  Therefore  we  are  at  a  loss  to  account 
for  the  difference  unless  it  was  due  to  the  strain  of  mice  used.  There  might  have  been 
some  difference  in  the  assay  due  to  different  methods. 

The  delayed  convulsions  were  in  all  probability  due  to  disappearance  of  the  pro' 
tecting  factor,  since  unpublished  work  in  our  laboratory  has  indicated  that  the 
maximum  effect  on  carbohydrate  stores  occurs  about  one  hour  after  intraperitoneal 
injection. 

We  wish  to  call  attention  to  the  results  of  Jensen  and  Grattan  with  two  different 
lots  of  adrenal  extract.  Swingle’s  preparation  containing  40  d.u.  gave  less  protection 
than  Kendall’s  preparation  containing  16  d.u.  Unpublished  work  in  our  laboratory 
indicates  that  the  Na  factor  in  whole  extract  may  play  a  greater  part  than  cortin  in 
the  usual  assay  in  dogs.  If  so,  the  cortin  content  might  not  be  indicated  correctly. 
Judging  from  our  results  it  is  the  cortin  fraction  which  is  more  effective  in  protection 
against  insulin. 

The  Na  factor  fraction  was  not  sufficiently  pure  to  rule  out  the  possibility  of  the 
presence  of  a  second  substance  such  as  corticosterone  which  might  be  responsible  for 
the  carbohydrate  effects.  However,  our  results  indicate  that  the  cortin  fraction, 
which  gives  no  sodium  retention  and  therefore  contains  little  corticosterone  (cortico- 
sterone  possesses  about  one-third  the  potency  of  Na  factor),  (2),  possessed  greater 
influence  on  gluconeogenesis  than  did  the  Na  factor  fraction.  Only  when  these  two 
fractions  have  been  obtained  in  crystalline  form  can  their  effects  on  gluconeogenesis 
be  determined  with  certainty. 
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If  we  can  compare  our  results  with  Jensen  and  Grattan’s  our  cortin  preparation 
containing  o.ia  mg.  solid  gave  about  the  same  protection  as  0.25  mg.  corticosterone 
acetate.  The  results  suggest  that  there  is  something  more  potent  than  corticosterone 
for  glycotropic  effects.  Our  results  confirm  those  of  Jensen  and  Grattan  with  desoxy- 
corticosterone  acetate.  In  unpublished  results  in  our  own  laboratory  we  have  ruled 
out  the  question  of  rate  of  absorption  by  the  injection  of  desoxycorticosterone  in  5% 
propylene  glycol.  Even  twice  as  much  desoxycorticosterone  as  Na  factor  by  weight 
produced  very  little  gluconeogenesis  as  compared  to  that  produced  by  the  Na  factor. 

The  carbohydrate  picture  throws  some  light  on  the  manner  in  which  adrenal  fac' 
tors  protect  against  insulin  action.  Without  them  the  liver  glycogen  practically  dis' 
appeared  and  the  blood  sugar  values  sank  very  low  after  insulin.  It  is  possible  that 


Fig.  I.  The  effect  of  cortin  and  Na  factor  on  carbohydrate  in  mice 
injected  with  a  convulsive  dose  of  insulin. 


the  recorded  blood  sugar  level  of  40  mg.%  for  the  insulin  control  animals  (fig.  i)  does 
not  represent  the  true  convulsion  level  for  these  mice  since  the  samples  were  taken 
after  induction  of  anesthesia  with  nembutal,  i.e.,  4  to  5  minutes  after  convulsions  had 
ceased.  This  would  allow  time  for  at  least  partial  restoration  of  the  blood  sugar.  Ac' 
cording  to  the  present  theory  of  insulin  action  the  low  liver  glycogen  and  blood  sugar 
of  our  fasted,  insulin'injected  animals  as  compared  with  controls  may  be  accounted 
for  by  increased  oxidation  of  carbohydrate  and  decreased  gluconeogenesis  (5). 

The  adrenal  fractions  containing  cortin  and  Na  factor  increase  gluconeogenesis 
and  perhaps  decrease  the  oxidation  of  carbohydrate  (6).  Either  action  would  raise 
the  blood  sugar  and  thus  prevent  insulin  convulsions.  The  Na  factor  fraction  is  less 
effective  than  the  cortin  fraction,  especially  at  the  lower  dosages.  An  amount  of  Na 
factor  fraction  (0.14  mg.)  which  protected  only  30%  of  insulin-injected  mice  gave  a 
low  blood  sugar  and  low  liver  glycogen.  The  latter  was  not  as  low  as  that  found  in 
convulsion  animals.  This  may  be  because  the  samples  were  taken  before  convulsions 
occurred  and  therefore  before  the  lowest  point  had  been  reached. 

Our  observations  show  that  the  cortin  fraction  is  more  potent  than  the  Na  factor 
fraction  in  preventing  insulin  convulsions  and  the  indications  are  that  this  is  due  to 
the  increased  blood  sugar  made  available. 

Glycotropic  substances  appear  to  cause  glyconeogenesis.  The  insulin  test  method 
has  much  to  recommend  it  as  a  means  of  determining  their  potency.  By  this  method 
an  assay  can  be  completed  in  8  or  9  hours. 

We  wish  to  thank  Doctor  R.  D.  Shancr  of  Hoffman-LaRoche  for  the  desoxycorticosterone  acetate 
(doca)  used  in  these  experiments. 
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SUMMARY 

The  resistance  of  normal  fasted  mice  to  insulin  is  increased  by  both  the  cortin 
fraction  and  the  Na  factor  fraction  of  adrenal  extract.  The  former  is  more  effective. 
The  increased  resistance  appears  to  be  due  to  gluconeogenesis  because  both  the  blood 
sugar  and  liver  glycogen  are  elevated. 
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CORTICOSTERONE  AND  ITS  ESTERS 
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Corticosterone  was  isolated  from  adrenal  gland  extracts  almost  simultaneously 
by  Kendall  (i,  2)  and  Reichstein  (3).  Its  chemical  configuration  was  also  eluci' 
dated  independently  by  these  workers  (4,  5).  This  substance  occurs  in  gland 
extracts  in  as  great  if  not  greater  concentration  than  any  of  the  other  active  steroids 
thus  far  obtained.  With  respect  to  carbohydrate  metabolism  (6)  and  muscle  contract 
tion  (7),  corticosterone  has  been  found  more  active  than  desoxycorticosterone.  Also, 
corticosterone  simulates  the  gland  extract  more  completely  than  does  desoxycortico' 
sterone  in  that  corticosterone  is  equally  active  whether  administered  orally  or  parent 
terally  in  adrenalectomi2;ed  rats  (8). 

The  synthesis  of  desoxycorticosterone  by  Steiger  and  Reichstein  (9),  its  identifi¬ 
cation  as  a  biologically  active  substance  (10),  and  its  subsequent  isolation  from  adrenal 
concentrates  (ii)  have  made  this  substance  the  subject  of  much  study.  Although 
desoxycorticosterone  is  highly  active  in  maintianing  life  when  injected  into  adrenal- 
ectomized  rats,  the  very  small  concentration  in  which  it  occurs  in  gland  extracts 
makes  it  responsible  for  only  a  small  part  of  the  total  activity  of  such  extracts  (11). 
Certain  esters  of  desoxycorticosterone  have  been  made  (12)  and  biologically  tested  in 
adrenalectomized  rats  by  single  injection  of  10  to  20  mg.  doses. 

Since  corticosterone  is  biologically  one  of  the  most  interesting  of  the  active  adrenal 
cortex  steroids,  we  have  undertaken  its  isolation  in  sufficient  quantity  to  prepare  a 
series  of  esters  for  biological  testing.  We  wish  to  report  the  preparation  and  assay, 
by  the  previously  reported  rat  method  (13),  of  9  esters  of  corticosterone. 

EXPERIMENTAL 

The  corticosterone  used  in  this  study  was  obtained  by  fractionation  of  a  gland 
concentrate.  In  the  last  step  of  the  process  for  the  preparation  of  a  clear  aqueous 
sterile  solution  (14),  a  resinous  precipitate  is  obtained.  Although  this  fraction  con¬ 
tained  less  than  10%  of  the  activity  present  in  the  clear  aqueous  solution,  the  work¬ 
ing  up  of  this  fraction,  by  procedures  previously  described  (15),  yielded  corticosterone 
besides  other  crystalline  substances.  This  substance  was  identified  by  its  melting 
point,  specific  rotation  and  analysis. 

M.p.  =  i8o-i8i°Ck)iT.;  [a]D*  =  +114.5“  (in  95%  EtOH) 

Analysis  by  microcombustion  gave:  0  =  71.95,  H  =  8.7y 

Calculated  for  CiiHjoO«  C  =  71.78,  H  =  8.81 

Preparation  of  the  Esters 

Corticosterone  acetate.  To  70  mg.  of  corticosterone  there  was  added  3  cc.  of  abso¬ 
lute  pyridine  and  2  cc.  acetic  anhydride.  The  reaction  mixture  was  kept  at  room 
temperature  for  36  hours,  after  which  time  it  was  taken  up  in  redistilled  peroxide-free 
ether.  The  ether  solution  was  washed  successively  with  dilute  HCl,  NaHCO  solu¬ 
tion  and  water.  The  ether  solution  was  dried  with  anhydrous  MgS04  and  the  dry 
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residue  after  removal  of  ether,  when  crystallized  from  acetone,  yielded  65  mg.  of  the 
acetate  of  m.p.  135-140°.  After  two  recrystallizations  from  methyl  alcohcl,  the  needle 
crystals  melted  at  148-152°. 

Analysis  by  microbombustion  gave:  C  =  71.OJ,  H  =  8.26 

Calculated  for  CuHjiOj  C  =  71.09,  H  =  8.30 

Corticosterone  propionate.  Seventy  mg.  of  corticosterone  was  dissolved  in  0.5  cc 
absolute  pyridine  and  0.3  cc.  propionic  anhydride  was  added.  This  was  heated  for 

hours  to  80°  and  then  kept  at  room  temperature  overnight.  The  crystals  were 
obtained  in  a  manner  identical  with  that  described  for  the  acetate.  Recrystallization 
of  the  first  crop  of  54  mg.  and  m.p.  178-182°  yielded  crystals  of  m.p.  180-182°. 

Analysis  by  microcombustion  gave:  0  =  71.43,  H  =  8.y4 

Calculated  for  Ci4HmOj  C  =  71 .59,  H  =  8.56 

Corticosterone  butyrate.  Seventy4ve  mg.  of  corticosterone  were  dissolved  in  i 
cc.  absolute  pyridine  and  0.5  cc.  butyric  anhydride  added.  This  was  heated  to 
80°  for  3  hours  and  then  kept  at  room  temperature  48  hours.  Crystals  were  again 
obtained  as  described  above.  The  first  crop  of  73  mg.  and  m.p.  163-165°  was  re' 
crystallized  from  acetone  to  yield  crystals  of  m.p.  168-169°. 

Analysis  by  microcombustion  gave:  C  =  71 .93,  H  =  8.8y 

Calculated  for  CisHjsOi  C  =  72.07,  H  =  8.72 

Corticosterone  succinate.  One  hundred  mg.  of  corticosterone  was  dissolved  in 
0.6  cc.  absolute  pyridine  and  120  mg.  of  succinic  anhydride  was  added.  The  mixture 
was  heated  to  ^°  for  3  hours,  and  then  kept  at  room  temperature  48  hours.  The 
reaction  mixture  was  then  taken  up  in  ether.  The  ether  solution  was  washed  with 
dilute  HCl  followed  by  water,  after  which  it  was  washed  with  a  NaHCOs,  NajCOs 
mixture  of  pn  8.0.  Three  10  cc.  portions  were  suflScient  to  extract  the  acid  ester.  The 
carbonate  solutions  were  acidified  with  HCl  until  acid  to  Congo  red.  The  precipitated 
substance  was  filtered,  washed  with  water  and  dried  in  vacuo  over  P2O5.  Recrystab 
lization  from  acetone  yielded  106  mg.  of  m.p.  191-193°.  After  one  more  recrystab 
lization  the  m.p.  was  195-197°. 

Analysis  by  microcombustion  gave:  C  =  67.22,  H  =  7.90 

Calculated  for  CisHj4C)7  C  =  67.22,  H  =  7.68 

By  making  the  sodium  salt  of  the  acid  ester  of  corticosterone,  a  water-soluble  deriva¬ 
tive  of  this  substance  can  be  obtained.  The  sodium  salt  is  very  soluble  in  water, 
and  a  preliminary  test  of  its  biological  activity  is  given  in  the  table  with  the  assays 
of  the  other  esters. 

Corticosterone  caproate.  Fifty  mg.  of  corticosterone  was  dissolved  in  0.5  cc. 
absolute  pyridine  and  0.2  cc.  caproyl  chloride  added  and  kept  at  room  temperature 
overnight.  The  reaction  mixture  was  taken  up  in  ether,  washed  successively  with 
acid,  2%  K2CO3  and  finally  with  water.  Crystallization  from  acetone  yielded  55 
mg.  of  m.p.  120-130°.  On  recrystallization,  crystals  of  m.p.  130-132°  were  obtained. 

Analysis  by  microcombustion  gave:  C  =  73.12,  H=9.i4 

Calculated  for  Cj7H4oOj  C  =  72.92,  H  =  9.07 

Corticosterone  diethyl  acetate.  Seventy-five  mg.  of  corticosterone  was  used  to 
make  the  diethyl  acetate  by  the  same  procedure  as  described  for  the  caproate,  except 
that  diethyl  acetyl  chloride  was  used.  Recrystallization  of  the  first  crop  of  70  mg.  from 
acetone  and  methyl  alcohol  yielded  long  feathery  crystals  of  m.p.  179-180°. 

Analysis  by  microcombustion  gave:  C  =  73.00,  H  =  9.28 

Calculated  for  CiTH4(^t  C  =  72.92,  H  =  9.07 


October,  1940  CXDRTICOSTERONE  649 

Corticosterone  heptoate.  Fifty  mg.  of  corticosterone  was  dissolved  in  0.5  cc. 
absolute  pyridine  and  0.25  cc.  heptylic  anhydride  was  added.  The  reaction  mixture 
was  heated  to  100°  for  3  hours  and  then  kept  at  room  temperature  overnight.  The 
crystalline  heptoate  was  obtained  by  proceeding  as  described  for  the  acetate.  The 
6rst  crop  of  50  mg.  melted  at  130-134°  which  on  recrystallization  yielded  crystals 
of  m.p.  139-141°. 

Analysis  by  microcombustion  gave:  0  =  74.41,  H  =  9.68 

Calculated  for  C18H42OJ  C  =  75.30,  H  =  9.13 

Corticosterone  palmitate.  To  75  mg.  of  corticosterone  there  was  added  0.3  cc. 
absolute  pyridine  and  o.i  cc.  palmitic  acid  chloride.  This  was  kept  at  room  tempera- 
ture  36  hours.  The  reaction  mixture  was  taken  up  in  freshly  distilled  ether  and 
thoroughly  washed  with  2  n  HjSO,  followed  by  3  washes  with  2%  Na2C03, 
and  finally  by  water  washing.  Crystallization  of  the  dry  ether  residue  from  absolute 
methanol  yielded  107  mg.  of  a  semicrystalline  substance  of  m.p.  70-78°.  Recrystal- 
lization  from  methanol  yielded  82  mg.  melting  at  82-84°. 

Analysis  by  microcombustion  gave:  C  =  75.80,  H  =  10.55 

Calculated  for  C37HS0O4  C  =  75.96,  H  =  10.35 

Corticosterone  benzoate.  To  50  mg.  of  corticosterone  there  was  added  0.5  cc. 
absolute  pyridine  and  0.2  cc.  benzoyl  chloride.  This  was  kept  at  room  temperature 
overnight.  The  reaction  mixture  was  then  taken  up  in  ether,  washed  successively 
with  dilute  HCl,  NaHCOa  solution  and  water.  Crystallization  of  the  dry  ether 
residue  first  from  acetone  and  then  twice  from  methanol  yielded  crystals  of  m.p. 
199-201°. 

Analysis  by  microcombustion  gave:  C  =  74.49,  H  =  7.96 

Calculated  for  Cj8H»406  C  =  74.6a,  H  =  7.61 


Assay  of  the  Esters 

All  the  esters  were  tested  for  biological  activity  by  our  previously  reported  rat 
assay  method  (13).  Olive  oil  solutions  of  the  esters  were  made  and  the  concentration 
adjusted  so  that  the  single  volume  of  0.2  cc.  could  be  injected  at  all  dosage  levels. 
The  rats  were  injected  once  daily  for  20  days.  In  the  accompanying  table  the  assays 
of  these  esters  are  summarized.  Since  corticosterone  assays  less  than  8  r.u.  per  mg., 
none  of  the  esters  was  tested  for  a  potency  of  less  than  8  r  u.  per  mg. 

As  can  be  readily  seen  from  the  table,  the  diethyl  acetate  of  corticosterone 
assayed  25  r.u.  per  mg.,  and  is  therefore,  by  this  assay  method,  4  times  as  active 
as  free  corticosterone,  and  the  most  active  of  all  the  esters  studied.  The  esters  of 
higher  molecular  weight,  the  heptoate,  benzoate  and  palmitate,  are  all  of  lower  ac¬ 
tivity.  The  caproate,  although  having  the  same  molecular  weight  as  the  diethyl  ace¬ 
tate,  was  found  to  be  only  half  as  active.  It  will  also  be  noted  from  the  table  that,  in 
the  case  of  the  diethyl  acetate,  at  10  and  20  r.u.  per  mg.  there  was  long  survival 
after  cessation  of  injection  on  the  20th  day.  This  may  be  due  to  an  accumulation  of 
the  ester  which  was  administered  in  excess  of  the  animal’s  needs.  The  sodium  salt 
of  the  succinic  acid  half  ester  of  corticosterone,  being  very  soluble  in  water,  was 
assayed  in  aqueous  solution  at  6  r.u.  per  mg.  of  corticosterone.  The  3  rats  survived 
only  1 1  days,  as  compared  to  7  days  for  control  rats.  Due  to  lack  of  material  it  was 
not  tested  at  a  higher  dosage  level.  We  would  estimate  that  to  maintain  adrenalec- 
tomized  rats  at  least  twice  as  much  corticosterone  is  necessary  in  the  form  of  the 
sodium  salt  of  the  half  ester  than  is  necessary  in  an  oil  solution  of  free  corticosterone. 

The  enhancement  of  the  activity  of  corticosterone  by  esterification  suggested 
that  the  activity  of  a  composite  extract,  such  as  previously  described  (14),  might  be 
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Rat  assays  of  corticosterone  and  corticosterone  esters 


Substance 

M.p. 

corr. 

Daily 

dose 

No.  rats 
injected 

Ave. 

survival 

No.  rats 
surviving 
on  10th 
day 

Ave. 

growth  in 
10  days 
of  lo-day 
survivals 

Assay 

result 

°c. 

mg.‘ 

days 

gm. 

R.u./mg. 

Corticosterone 

180-181 

0.15 

5 

14 

5 

*9 

>  ‘♦16 

0.115 

5 

16 

2 

13-5 

<  sr 

Corticosterone 

148-151 

0.125 

5 

18 

2 

36.0 

<  8 

acetate 

! 

Corticosterone 

180-181 

0. 125 

5 

17 

5 

36.0 

propionate 

0.061 

5 

11 

4 

15.0 

<i6/‘* 

Corticosterone 

168^169 

0.10 

5 

30 

4 

19 

>io'| 

butyrate 

0.066 

5 

18 

4 

19 

>i5ji7-5 

0.05 

5 

14 

0 

— 

<ioj 

Corticosterone 

195-197 

0.125 

5 

4 

34 

>  8I11 

succinate 

0.061 

5 

22 

3 

16 

<i6/“ 

Na  salt 

0.166 

3 

11 

0 

— 

<  6 

Corticosterone 

IJO-lJl 

O.IO 

5 

15 

4 

40 

>10] 

caproate 

0.066 

9 

16 

1 

20 

<inii , 

0.05 

4 

21 

2 

26 

0.04 

5 

13 

1 

14 

<15J 

Corticosterone 

179-180 

0. 10 

5 

43 

4 

50 

>10] 

diethyl  acetate 

0.05 

5 

38 

5 

37 

>10  [15 

0.0J3 

5 

14 

0 

— 

<3oJ 

Corticosterone 

140-141 

0.066 

5 

17 

1 

30 

<15 

heptoate 

Corticosterone 

199- 201 

0.05 

5 

18 

1 

14 

<10 

benzoate 

o.o8j 

4 

i3 

2 

14 

<11 

Corticosterone 

00 

1 

H 

00 

0.125 

5 

14 

0 

_ 

<  8 

palmitate 

0.061 

5 

9 

0 

— 

<16 

*  Doses  were  calculated  on  the  basis  of  free  corticosterone,  so  that  these  figures  actually  represent 
the  amounts  of  corticosterone  administered. 


increased  by  similar  esterification.  A  gland  extract  was  therefore  reacted  with  diethyl 
acetyl  chloride  in  pyridine.  After  washing  the  ether  solution  with  HCl,  NaHCOi 
and  water,  it  was  dried  and  the  ether  concentrate  assayed  in  oil  solution.  This 
esterified  mixture  assayed  about  i  r.u.  per  5  gm.  gland  whereas  the  unesterified 
extract  in  oil  solution  assayed  i  r.u.  in  8  gm.  gland.  There  seems  therefore  to  be 
some  enhancement  of  activity,  but  not  nearly  as  great  an  increase  as  was  observed 
for  pure  corticosterone. 

SUMMARY 

Pure  samples  of  the  acetate,  propionate,  butyrate,  succinate,  caproate,  diethyl 
acetate,  heptoate,  palmitate  and  benzoate  of  corticosterone  were  prepared  and 
assayed  by  subcutaneous  injection  in  adrenalectomized  rats. 

The  diethyl  acetate  was  found  to  be  the  most  active,  being  four  times  as  active 
as  free  corticosterone.  Of  the  straight  chain  esters,  the  butyrate  was  found  most 
active. 
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Corticosterone  sodium  succinate  in  aqueous  solution  was  found  less  active  than 
free  corticosterone  in  oil  solution. 
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INFLUENCE  OF  DESOXYCORTICOSTERONE  ACETATE 
AND  OF  PROGESTERONE  ON  THE  DIFFUSION  OF  SODL 
UM  AND  CHLORIDE  INTO  THE  PERITONEAL  SPACE' 


A.  CANTAROW  and  A.  E.  RAKOFF 
From  the  Departments  of  Medicine  and  Obstetrics,  Jefferson  Medical  College, 
and  the  Laboratory  of  Biochemistry,  Jefferson  Hospital 

PHILADELPHIA,  PENNSYLVANIA 

IT  HAS  BEEN  DEMONSTRATED  that  administration  of  desoxycorticosterone  acetate 
and  certain  related  substances  is  followed  by  potassium  diuresis  and  diminished 
urinary  excretion  of  Na  and  Cl  in  normal  and  in  adrenalectomized  animals  (i). 
The  mechanism  of  production  of  this  phenomenon  is  not  clearly  understood,  but  it 
appears  to  be  dependent,  in  part  at  least,  upon  a  primary  effect  on  the  kidney.  The 
present  investigation  was  undertaken  for  the  purpose  of  ascertaining  whether  evi' 
dence  of  an  extra^renal  effect  upon  the  distribution  of  electrolytes  could  be  demon- 
strated.  The  intraperitoneal  glucose  technic  of  Schechter  and  his  associates  (2)  was 
employed  for  the  purpose  of  studying  the  possible  influence  of  desoxycorticosterone 
acetate  and  progesterone  upon  the  rate  of  passage  of  Na  and  Cl  into  the  artificial 
peritoneal  fluid. 

METHODS 

Normal,  unanesthetized  dogs  (10  to  15  kg.)  were  used  in  all  cases.  The  fluid  intro¬ 
duced  into  the  peritoneum  was  5.5%  dextrose  in  distilled  water,  100  cc.  per  kg.  of 
body  weight,  10  minutes  being  allowed  for  the  instillation.  Blood  samples  were 
obtained  from  the  femoral  artery  and  samples  of  fluid  were  removed  by  syringe  from 
the  peritoneum  after  manipulation  of  the  abdomen  and  repeated  withdrawal  and 
reinjection  to  ensure  uniform  composition  of  the  fluid.  Chloride  was  determined  by 
the  method  of  Wilson  and  Ball  (3)  and  sodium  by  the  method  of  Butler  and  Tuthill  (4). 

In  the  control  group  (dogs  i  to  9),  fluid  was  removed  5,  10,  15  and  30  minutes 
after  the  intraperitoneal  instillation  was  completed  in  dogs  6  to  9,  and  1/4, 1/2,  i,  2, 
3,  4  and  5  hours  after  the  instillation  in  dogs  i  to  5. 

In  dogs  10  to  24,  fluid  was  introduced  into  the  peritoneum  to  96  hours 
after  intramuscular  injection  of  varying  amounts  of  desoxycorticosterone  acetate*  or 
progesterone,*  as  indicated  in  table  i.  In  all  but  two  instances,  samples  of  fluid 
were  removed  after  5,  10,  15  and  30  minutes.  In  dogs  10  and  ii,  fluid  was  removed 
after  1/4,  1/2,  i,  2  and  3  hours. 

RESULTS 

The  findings  are  presented  in  detail  in  table  i.  The  decrease  in  serum  Na  and  Cl 
concentrations  was  relatively  slight  in  the  few  instances  in  which  these  determina¬ 
tions  were  made.  The  average  values  for  the  concentrations  of  Na  and  Cl  in  the 
peritoneal  fluid  under  different  experimental  conditions  are  presented  in  table  2. 

*  Read  at  the  twenty -fourth  annual  meeting.  New  York  City,  of  the  Association  for  the  Study  of 
Internal  Secretions. 

*  We  are  indebted  to  Dr.  R.  C.  Mautner  of  the  Ciba  Pharmaceutical  Products  Co.  and  to  Dr.  W.  H. 
Stoner  of  the  Schering  Corporation  {<x  the  desoxycorticosterone  acetate  and  progesterone  employed  in 
this  study. 


Table  i.  Influence  of  desoxycorticosterone  acetate  and 
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The  most  striking  difference  between  control  and  treated  animals  was  the  dis' 
tinctly  higher  concentrations  of  Na  and  Cl  in  the  latter  in  samples  obtained  during 
the  first  15  minutes  after  completion  of  the  intraperitoneal  instillaticm  of  the  dextrose 
solution.  This  phenomenon  was  observed  in  all  treated  animals  studied  over  periods 
ranging  from  17^^  to  72  hours  after  administration  of  desoxycorticosterone  acetate 
and  21  to  72  hours  after  administration  of  progesterone.  At  96  hours  the  values 
tended  to  approach  those  obtained  in  the  untreated  group  but  were  still  somewhat 
higher  than  the  latter  in  the  case  of  chloride.  There  was  no  significant  difference  in 


Table  1.  Average  values  for  peritoneal  fluid  electrolytes 


Sodium 

Chloride 

5  min. 

10  1 

15 

30 

5  min.  | 

10 

15  1 

30 

mg.  per  lOO  cc. 

mg.  per  100  cc. 

(Control 

21 

51  1 

136 

13 

41  1 

54 

135 

Desoxycorticosterone 

■■ 

acetate 

to  71  hours 

40 

89 

140 

51 

mm 

102 

151 

96  hours 

22 

44 

61 

138 

31 

mm 

7» 

149 

Progesterone 

iii  to  71  hours 

44 

93 

138 

60 

91 

116 

155 

96  hours 

26 

58 

112 

40 

53 

76 

133 

peritoneal  fluid  Na  and  Cl  concentrations  in  treated  and  untreated  animals  in  the 
jO'ininute  specimens  and  thereafter. 

DISCUSSION 

The  rate  of  entrance  of  Na  and  Cl  into  5.5%  dextrose  solution  in  the  peritoneum 
appeared  to  vary  only  within  rather  narrow  limits  under  normal  conditions.  As  is 
to  be  expected,  it  was  most  rapid  during  the  first  30  minutes,  and  an  approximate 
equilibrium  with  the  blood  plasma  was  reached  in  about  3  to  5  hours.  Variations  in 
plasma  Na  and  Cl  within  the  normal  range  apparently  had  no  determining  influence 
upon  the  rate  of  entrance  of  these  elements  into  the  peritoneal  fluid  within  the  first 
30  minutes.  Their  concentrations  in  the  fluid  are,  of  course,  subject  to  influence  also 
by  possible  changes  in  the  exchange  of  water  between  the  fluid  and  the  blood  plasma. 
Schechter  and  his  associates  (2)  found  that,  when  5%  dextrose  solution  was  em^ 
ployed,  the  volume  of  the  peritoneal  fluid  increased  slightly  during  the  first  2  hours. 
Under  the  conditions  of  the  present  experiment  a  somewhat  greater  increase  might 
be  anticipated  in  the  control  animals,  but  no  attempt  was  made  to  investigate  this 
point. 

In  animals  receiving  desoxycorticosterone  acetate  (10  mg.),  the  increase  in  con' 
centrations  of  Na  and  Cl  above  the  control  values  was  most  marked  in  the  5 'minute 
specimens,  being  more  than  100%  in  the  case  of  Cl;  the  amount  of  this  increase  was 
somewhat  less  in  the  10  and  15 -minute  specimens.  Animals  receiving  progesterone 
(15  mg.)  exhibited  the  same  changes  to  a  more  marked  degree.  This  phenomenon 
persisted  for  72  hours  after  injection  of  these  substances  and  indeed,  in  the  case  of 
progesterone,  was  more  pronounced  at  this  time  than  at  24  or  48  hours.  Even  96 
hours  after  administration  of  this  agent  the  concentration  of  Cl  in  the  5'minute 
sample  was  considerably  higher  than  in  untreated  animals.  These  findings  are  inter' 
esting  in  view  of  the  observation  of  Thorn  and  his  associates  (la)  that  the  effect 
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of  a  single  injection  of  estradiol  (5  mg.)  in  diminishing  renal  excretion  of  Na  and  Cl 
persisted  for  96  hours. 

The  increase  in  concentrations  of  Na  and  Cl  in  the  peritoneal  fluid  could  result 
only  from  one  or  both  of  two  causes:  (a)  passage  into  the  fluid  of  larger  amounts  of 
these  elements;  (b)  decrease  in  the  volume  of  intraperitoneal  fluid.  If  the  latter  factor 
alone  were  operative,  the  100%  increase  in  Cl  concentration  observed  5  minutes 
after  completion  of  the  intraperitoneal  instillation  (15  minutes  after  its  beginning) 
would  have  necessitated  a  50%  diminution  in  the  volume  of  the  fluid.  This  possibility 
may  be  eliminated  on  the  basis  of  mere  gross  examination  of  the  abdomen.  More- 
over.  Remington  (5)  found  that  the  pertioneal  fluid  volume  in  adrenalectomized  rats 
was  invariably  much  smaller  than  in  normal  rats  after  3  hours,  suggesting  that  any 
change  which  might  follow  administration  of  cortical  hormone  would  perhaps  be 
in  the  opposite  direction.  This  author  found  a  much  smaller  total  shift  of  electrolyte 
into  the  peritoneal  cavity  in  adrenalectomi^ed  than  in  normal  animals,  the  higher 
ascitic  electrolyte  concentrations  that  were  observed  being  dependent  upon  the 
smaller  volume  of  fluid.  The  data  reported  here  indicate  that,  under  the  influence 
of  desoxycorticosterone  acetate  or  progesterone,  Na  and  Cl  enter  the  peritoneal 
fluid  with  much  greater  rapidity  than  under  normal  conditions.  Consequently,  at 
5, 10  and  15  minutes  the  total  quantity  of  these  elements  in  the  fluid  is  approximately 
twice  as  large  in  treated  as  in  untreated  animals.  There  was  little  difference  between 
the  two  groups  at  30  minutes  and  thereafter. 

The  exact  site  or  mechanism  of  action  of  desoxycorticosterone  acetate  is  not 
known.  Although  its  most  obvious  effect  is  to  decrease  renal  excretion  of  Na  and 
Cl  and  to  increase  that  of  K,  there  is  considerable  evidence  that  the  kidney  is  not 
the  only  organ  directly  affected  by  this  agent.  The  observation  by  Ingle,  Nilson  and 
Kendall  (6)  and  by  Ingle  (7)  that  cortin  maintains  a  normal  capacity  for  work  in 
adrenalectomized  rats  that  had  been  also  nephrectomi^ed  or  in  which  all  intra- 
abdominal  organs  had  been  removed,  indicates  that  cortin  exerts  an  effect  on  the 
tissues  which  is  independent  of  its  action  on  the  kidneys  and  other  abdominal 
viscera.  These  authors  suggest  that  this  effect  may  be  attributable  to  an  influence 
exerted  on  the  permeability  of  cell  membranes  in  general.  Clark  (8)  found  that  Cl 
was  absorbed  from  the  intestine  more  slowly  in  adrenalectomized  than  in  normal 
rats.  These  observations  support  the  view  that  the  electrolyte  metabolism  of  the 
adrenalectomized  animal  is  affected  by  a  primary  disturbance  of  membrane  behavior 
and  that  this  disturbance  occurs  in  membranes  other  than  those  in  the  kidney. 
Added  support  of  this  view  is  furnished  by  the  findings  of  Remington  (5),  referred 
to  above.  Tlie  data  reported  here  are  in  accord  with  this  hypothesis  and  also  demon- 
strate  the  similarity  of  effects  in  this  regard  of  desoxycorticosterone  acetate  and 
progesterone,  which  have  been  shown  to  exert  similar  effects  upon  the  renal  excretion 
of  electrolytes  (la). 

The  exact  significance  of  these  data  depends  upon  whether  or  not  phenomena 
which  occur  in  the  artificial  peritoneal  fluid  may  be  assumed  to  be  representative 
of  those  occurring  in  normal  tissue  fluids.  Previous  studies  (9)  suggest  that  this 
assumption  may  be  justifiable. 


SUMMARY 

Administration  of  desoxycorticosterone  acetate  or  progesterone  to  dogs  resulted 
in  a  marked  increase  in  the  rate  of  entrance  of  Na  and  Cl  into  5.5%  dextrose  solution 
introduced  into  the  peritoneal  cavity.  Samples  of  fluid  removed  5, 10  and  15  minutes 
after  completion  of  the  intraperitoneal  instillation  revealed  concentrations  of  Na 
and  Cl  about  100%  greater  than  in  untreated  animals.  No  significant  difference 
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was  present  in  samples  removed  at  30  minutes  and  thereafter.  This  effect  persisted 
foi  7?  hours  after  administration  of  these  agents  and  a  significant  increase  in  con^ 
centration  of  Cl  was  observed  as  long  as  96  hours  after  administration  of  pro' 
gesterone.  These  observations  support  the  hypothesis  that  the  effect  of  these  agents 
is  exerted  upon  membranes  in  general  and  that  their  action  in  producing  a  decreased 
renal  elimination  of  Na  and  Cl  may  constitute  a  part  of  this  more  generalized  action 
or  may  perhaps  be  secondary  to  extrarenal  phenomena. 
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PRODUCTION  OF  PERSISTENT  CHANGES  IN  THE  GENP 
TAL  ORGANS  OF  IMMATURE  FEMALE  RATS 
TREATED  WITH  TESTOSTERONE' 

HANS  SELYE 

From  the  Department  of  Anatomy,  McGill  University 

MONTREAL,  CANADA 

The  fact  that  androgenic  substances  inhibit  ovarian  development  both  in  the 
immature  and  in  the  adult  animal  has  been  observed  by  numerous  investiga^ 
tors,  but  depending  upon  the  type  of  androgen  used  and  upon  the  doses  in 
which  such  substances  were  administered,  the  results  obtained  by  different  workers 
vary  considerably.  Thus  in  the  immature  rat.  Funk  and  Zefirow  (i)  claim  to  have 
observed  that  administration  of  male  hormone  does  not  prevent  the  normal  develop^ 
ment  of  the  gonad  in  females,  although  marked  ovarian  atrophy  is  obtained  with 
certain  urinary  extracts  which  do  not  contain  androgens.  According  to  Hohlweg  (2) 
androsterone  fails  to  cause  corpus  luteum  formation  in  the  immature  rat  even  if  15 
mg.  are  given  daily.  Dehydroandrosterone,  on  the  other  hand,  invariably  produces 
precocious  luteinization  if  2  to  3  mg.  per  day  are  given.  Testosterone  in  doses  of  5  to 
10  mg.  per  day  occasionally  causes  corpus  luteum  formation  but  this  is  not  always  the 
case. 

Green  and  Ivy  (3)  and  Greene  et  al.  (4, 5, 6)  found  that  testosterone  propionate  ad' 
ministered  to  a  pregnant  mother  causes  masculinization  of  the  accessory  genital  ot' 
gans  of  her  female  embryos  without,  however,  significantly  influencing  the  structure 
of  the  gonad  itself.  Similar  observations  have  been  made  by  Hamilton  and  Gardner 
(7).  If  females  so  treated  during  embryonic  life  are  allowed  to  grow  up,  the  ovaries 
show  normal  cyclic  changes  although  the  vagina  never  perforates  (8).  Androsterone 
in  total  amounts  of  40  to  280  mg.  given  to  the  mother  during  pregnancy  inhibits  the 
development  of  the  ovarian  capsule  and  may  cause  caudal  displacement  of  the  ovaries. 
In  such  animals,  the  female  gonad  may  be  continuous  with  a  well  developed  eph 
didymis  (9,  10). 

In  a  previous  paper  (ii),  we  have  shown  that  marked  masculinization  of  the  gonad 
and  the  accessory  sex  organs  may  also  be  obtained  in  case  of  postnatal  treatment  with 
testosterone  propionate  and  under  these  conditions,  the  transformation  of  the  gonad 
may  go  so  far  that  medullary  tubules  appear  in  its  center.  Similar  observations  have 
been  made  in  the  mouse  (12).  The  clitoris  of  these  animals  was  enlarged  and  in  some 
cases  an  epididymis  and  a  vas  deferens  developed.  One  of  the  most  unexpected  ob' 
servations  in  this  series,  was  the  marked  uterine  atrophy  which  occurred  under  the 
influence  of  testosterone  propionate,  a  hormone  which  in  somewhat  older  females  is 
well  known  to  cause  considerable  uterine  enlargement.  We  were  unable,  however,  to 
elucidate  the  cause  of  this  inverse  response. 

Having  established  that  testosterone  causes  marked  masculinization  even  when 
administered  after  birth,  it  became  of  interest  to  examine  whether  the  changes  so  in' 

*  A  short  summary  of  these  findings  has  been  presented  to  the  American  Anatomical  Society 
at  the  Louisville  Meeting,  March  ao,  1940. 
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duced  disappear  after  discontinuation  of  the  treatment  or  whether  androgens  cause  a 
persistent  change  in  the  development  of  the  sexual  organs  during  postnatal  life. 

In  order  to  answer  this  question  5  newborn  female  albino  rats  of  one  litter  were 
treated  daily,  beginning  on  the  day  after  birth,  with  i  mg.  of  testosterone  propionate 
given  in  o.i  cc.  of  peanut  oil.  During  the  first  14  days  after  birth,  the  injections  were 
administered  intraperitoneally  because  at  this  time  it  is  difi&cult  to  inject  oily  solutions 
subcutaneously  without  losing  some  of  the  administered  material  through  the  needle 
prick.  After  the  fourteenth  day,  however,  we  continued  the  administration  of  the 
same  amount  by  way  of  subcutaneous  injection.  Each  animal  received  30  daily  injec¬ 
tions,  that  is  to  say,  a  total  amount  of  30  mg.  of  testosterone  propionate.  On  the 
day  following  the  last  injection,  1  of  the  animals  were  killed  and  showed  the  same 
uterine  and  ovarian  atrophy  as  that  described  in  our  previous  paper  (ii).  At  this 
time,  that  is  when  treatment  was  discontinued,  the  average  body  weight  of  the  ex¬ 
perimental  animals  was  30  gm.  The  remaining  3  females  were  killed  i  month  after 
the  last  injection.  The  clitoris  was  still  very  well  developed  and  the  vagina  did 
not  perforate.  At  autopsy,  the  caudal  end  of  the  vagina  proved  to  be  extremely  nar¬ 
row  and  upon  perforation  of  the  vaginal  membrane,  it  was  only  with  difficulty  that  a 
fine  needle  could  be  inserted  into  the  narrow  lumen.  Figure  i  shows  the  pronounced 
development  of  the  clitoris  and  the  hypoplastic  vagina  of  one  of  these  animals  as 
compared  with  those  of  a  normal  control.  The  uterus  of  the  treated  animals  was 
still  extremely  thin.  In  fact  it  did  not  appear  to  be  much  more  developed  than  in 
the  animals  killed  at  the  age  of  30  days  when  treatment  was  discontinued.  It  was 
striking,  however,  that  the  length  of  the  uterus  increased  considerably  after  dis¬ 
continuation  of  the  injections,  in  fact,  it  was  almost  the  same  as  in  the  normal  controls. 
The  vagina,  on  the  other  hand,  appeared  both  thinner  and  shorter  than  normal.  The 
gonads  themselves  were  very  poorly  developed,  in  fact,  the  right  ovary  was  not  visi¬ 
ble  upon  naked  eye  inspection  in  any  of  the  3  injected  animals.  It  may  be  a  mere 
coincidence  that  in  our  3  cases,  it  was  the  right  gonad  which  was  particularly  re¬ 
tarded  in  its  development,  but  it  is  perhaps  worth  recalling  in  this  connection  that 
in  certain  species  such  as  the  fowl  in  which  normally  only  one  ovary  reaches  full 
development,  it  is  the  left  one  which  becomes  functional  while  the  right  gonad  re¬ 
mains  rudimentary  throughout  life.  The  average  weight  of  the  left  gonad  was  6.6  mg. 
in  the  treated  animals  and  since  the  right  gonad  consisted  only  of  a  few  cell  groups, 
one  may  say  that  the  approximate  weight  of  the  2  ovaries  could  hardly  have  been 
more  than  7  mg.  while  in  the  untreated  controls  of  the  same  age,  the  average  ovarian 
weight  was  35  mg.  Histologically  the  ovaries  of  the  treated  rats  consisted  of  a  few 
immature  follicles  with  an  extremely  atrophic  theca  containing  the  typical  ‘wheel 
cells’  as  described  by  Selye  (13J  and  Selye  et  al.  (14)  in  hypophysectomized  animals. 
It  should  be  emphasized,  however,  that  the  average  pituitary  weight  (6.8  mg.)  of 
the  treated  animals  was  only  slightly  below  the  average  normal  pituitary  weight 
(7.9  mg.)  of  female  rats  of  a  similar  age  (fig.  1-5).  Subsequent  experiments  will  have 
to  show  whether  the  underdevelopment  of  the  gonads  is  due  to  a  relative  insensitivity 
to  pituitary  gonadotropic  principles  or  to  a  disturbance  in  the  gonadotropic  hormone 
production  of  the  hypophysis. 

The  somatic  growth  of  the  treated  animals  (average  weight  145  gm.)  was  approxi¬ 
mately  the  same  as  that  of  untreated  controls  (143  gm.)  so  that  the  hypoplasia  of  the 
genital  organs  must  be  regarded  as  a  specific  defect  in  the  development  of  these  organs 
and  cannot  be  considered  as  a  result  of  a  general  failure  of  tissue  growth. 

From  the  above  experiments,  it  appears  that  treatment  with  testosterone  at  an 
early  stage  of  postnatal  life  may  cause  persistent  changes  on  the  sex  organs  of  the 
female  rat.  These  changes  are  characterized  by  defective  development  of  the  ovaries. 
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the  uterus  and  the  vagina  combined  with  excessive  growth  of  the  clitoris.  These 
changes  are  not  accompanied  by  any  retardation  in  the  development  of  other  organs 
In  this  connection  it  is  interesting  to  mention  that  Greene  et  al.  (4)  stated  in  an 
early  report  that  the  gonads  of  rats  whose  mothers  received  androgens  during  gesta- 
tion  remained  permanently  small,  but  in  a  later  publication,  Greene  et  al.  (15)  ex' 
pressed  the  view  that  prenatal  androgen  treatment  does  not  cause  any  such  permanent 


Fig.  I.  Macroscopical  view  of  the  genital  organs  of  a  testosterone  treated  (left)  and  a 
NORMAL  (right)  FEMALE.  Notc  the  thin  though  relatively  long  uterus  and  the  narrow  vagina,  the  lumen 
of  which  is  just  wide  enough  to  permit  introduction  of  a  pin.  The  clitoris  is  greatly  enlarged  and  penis, 
like  in  the  treated  female  while  the  preputial  glands  are  practically  normal  in  size.  Fig.  2.  Low  magnifi- 
CATION  OF  THE  LEFT  OVARY  OF  A  TESTOSTERONE  TREATED  RAT.  Note  the  Complete  absence  of  mature 
follicles  and  corpora  lutea  and  atrophy  of  the  stroma.  Fig.  3.  Ovary  of  a  normal  female  control 
Note  the  numerous  well  developed  corpora  lutea  and  the  relatively  large  follicles  (magnihcation  same 
as  in  figure  1).  Fig.  4.  Uterus  of  a  testosterone  treated  female.  Both  the  myometrium  and  the  endo- 
metrium  display  pronounced  atrophy.  Fig.  5;.  Uterus  of  a  normal  female  control  photographed  at 

THE  SAME  MAGNIFICATION  AS  THE  UTERUS  IN  FIGURE  4. 


change  and  that  their  earlier  findings  may  have  been  due  to  the  fact  that  a  single  dose 
of  testosterone  propionate  was  given  to  the  offspring  of  the  testosterone  treated 
mothers  on  the  day  of  birth.  This  interpretation  is  in  accord  with  the  observations 
described  in  the  present  communication. 

As  an  incidental  observation,  we  noted  that  the  average  kidney  weight  of  our 
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treated  females  was  1.671  mg.  as  compared  with  1.157  untreated  controls. 

This  finding  is  of  interest  inasmuch  as  it  indicates  that  the  increase  in  kidney  weight 
caused  by  androgens  (16,  17)  may  also  persist  for  a  considerable  time  after  discon- 
tinuation  of  treatment. 

SUMMARY 

Treatment  of  newborn  female  albino  rats  with  1  mg.  of  testosterone  daily  during 
the  first  50  days  of  life  causes  deficient  development  of  the  ovaries,  uterus  and  vagina. 
These  organs  remain  in  a  state  of  hypoplasia  for  at  least  one  month  after  discontinua¬ 
tion  of  treatment  although  during  this  time,  the  body  weight  of  the  animals  is  ap¬ 
proximately  5  times  larger  than  at  the  time  when  injections  had  been  discontinued. 
Since  at  the  end  of  the  observation  period,  the  average  weight  of  the  untreated  con¬ 
trols  approximately  equals  that  of  the  injected  animals,  one  may  conclude  that  the 
inhibition  of  development  is  limited  to  the  above  mentioned  sex  organs. 

The  clitoris  and  kidney  which  increase  in  size  as  a  result  of  testosterone  adminis¬ 
tration  persist  in  a  condition  of  marked  hypertrophy  after  discontinuation  of  the  in¬ 
jections. 

It  is  concluded  that  in  the  very  immature  rat,  testosterone  inhibits  uterine  de¬ 
velopment  although  at  a  later  period  of  life,  this  hormone  is  known  to  exert  a  marked 
uterus  stimulating  action.  The  inhibition  of  sex  organ  development  caused  by  testo¬ 
sterone  at  an  early  age  persists  and  prevents  the  onset  of  puberty  in  the  rat. 

The  expenses  of  this  investigation  were  defrayed  in  part  through  a  grant  in  aid  received  from  the 
Schering  Ck)rporation  of  Bloomfield,  N.  J.  The  author  is  especially  indebted  to  Drs.  G.  Stragnell  and 
E.  Schwenk  of  the  above  Corporation  for  the  testosterone  propionate  used  in  these  experiments  and  to 
Mr.  K.  Nielsen  for  technical  assistance  and  the  preparation  of  photographs. 
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THE  EFFECT  OF  ALPHA  ESTRADIOL  BENZOATE  ON 
THE  SKELETAL  DEVELOPMENT  OF  IMMATURE  RATS 

J.  O.  ELY  AND  R.  LLOYD  PHILLIPS 

From  the  Biochemical  Research  Foundation  of  the  Fran\lin  Institute 

PHILADELPHIA,  PENNSYLVANIA 

The  administration  of  large  amounts  of  estrogenic  hormones  to  mice  and  to 
immature  rats  has  been  reported  to  produce  marked  hyperminerali2ation  of  the 
bones  of  the  skeleton  (i,  2,  3).  Talbot  (i)  reported  that  the  daily  injection  into 
rats  of  12.57  of  estradiol  for  7  to  9  days  from  the  first  day  of  life  caused  a  significant 
advance  in  the  skeletal  age  of  females,  but  not  of  males.  Gardner  and  Pfeiffer  (2) 
reported  that  250  i.u.  or  more  of  hydroxy-estrin  benzoate  administered  weekly  to 
female  mice  for  56  to  348  days  caused  the  marrow  cavities  of  the  femurs  to  be  replaced 
almost  completely  by  bone.  Such  changes  were  general  throughout  the  skeleton 
except  in  the  immediate  vicinity  of  the  pubic  symphysis.  Weinstock,  Smith  and  Card' 
ner  (4)  produced  such  changes  in  the  skeletons  of  mice  as  a  result  of  prolonged  treat' 
ment  with  estradiol  benzoate.  The  total  dose  varied  from  100  to  7307  and  the  experi' 
mental  period  from  191  to  394  days. 

Using  immature  rats,  but  not  as  young  as  those  used  by  Talbot,  for  experimental 
periods  considerably  shorter  than  those  in  which  marked  skeletal  changes  were  ob' 
tained  by  other  workers  (except  Talbot  with  younger  animals),  we  have  failed  to 
obtain  effects  on  skeletal  development  with  alpha  estradiol  benzoate  (progynon'B).^ 
Not  only  were  the  rats  used  in  our  experiments  older  than  those  used  by  Talbot  but 
in  addition  the  course  of  treatment  was  not  so  intense.  The  total  dose  used  was 
on  an  average  smaller  and  the  experimental  period  shorter  than  that  used  by  Wein' 
stock.  Smith  and  Gardner  (4). 

Experimental.  Young  rats  of  the  Douredoure  strain,  varying  from  6  to  18  days  of 
age  at  the  beginning  of  the  experiment,  were  kept  with  the  mothers  which  were  fed 
on  Purina  pellets.  The  females  of  each  litter  were  paired  according  to  weight,  one  of 
each  pair  being  treated,  the  other  serving  as  control.  Only  litter  mates  were  compared 
at  the  end  of  the  experimental  periods  which  varied  from  7  to  50  days.  Estradiol 
benzoate  (progynon'B)  was  administered,  subcutaneously,  when  the  rats  were  very 
small,  and  intramuscularly  when  larger.  The  number  of  doses  of  16.57  each  varied 
from  3  to  15,  totaling  50  to  2507.  At  intervals,  pairs  of  animals  were  taken  from  the 
experiment.  All  organs  were  weighed  and  the  body  and  tail  lengths  recorded.  With 
part  of  the  animals,  the  entire  skeleton  was  obtained  by  digestion  of  the  soft  tissues 
with  dilute  alkali.  In  order  to  overcome  possible  objections  to  this  method,  the  femurs 
only  of  the  remainder  of  the  animals  were  removed,  thoroughly  cleaned  of  flesh  and 
extracted  with  ether  prior  to  drying,  weighing  and  ashing.  The  data  are  shown  in 
table  I.  As  no  effect  of  the  treatment  on  the  weights  of  the  various  organs  (heart, 
liver,  kidney,  adrenal  and  brain)  except  the  thymus,  uterus,  and  ovaries,  was  ob' 
tained,  only  the  data  relating  to  the  uterus  and  thymus  in  addition  to  that  of  bones 
are  presented  in  the  table.  Likewise,  the  data  relating  to  body  and  tail  lengths  showed 
no  evident  effect  of  the  treatment. 

*  Contributed  by  Dr.  Max  Gilbert  of  the  Sobering  Corporation. 
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Table  i.  Effect  of  alpha  estradiol  benzoate  on  the  skeletal  development  op  immature  rats 


Rat  1 
No.  1 

Age  at 
be' 

ginning 
of  expt. 

Initial 
wt.  of 
ani' 
mals 

Final 
wt.  of 
ani' 
mals 

No.  of 
doses 

Total 

dose 

Wt.of 

bones 

% 

Ash  in 
bones 

Bones 

used 

Wt.of 

uterus 

Wt.of 

thymus 

Dura- 

tion 

of 

expt. 

days 

gm. 

gm. 

7 

gm. 

gm. 

gm. 

days 

I 

13 

17 

3 

50 

0.0846 

49-1 

Femurs 

7 

2 

13 

17 

13 

0 

0 

0.0744 

50.4 

Femurs 

7 

3 

IJ 

17 

67 

6 

100 

0.2294 

57-9 

Femurs 

0.2II0 

0.1581 

14 

4 

13 

20 

76 

0 

0 

0.2455 

54-5 

Femurs 

0.0508 

0.2904 

14 

5 

18 

19 

64 

6 

100 

0.2105 

57-4 

Femurs 

0.2185 

O.I24I 

14 

6 

18 

20 

83 

0 

0 

0.2457 

56.9 

Femurs 

0.0521 

0.5177 

14 

7 

6 

16 

79 

10 

163 

1.8420 

90.9 

All 

0.1850 

0.1890 

28 

8 

6 

18 

74 

0 

0 

1.8^0 

90.0 

All 

0.0280 

0.1670 

28 

9 

9 

17 

84 

7 

116 

0.2454 

56.9 

Femurs 

0.1472 

0.1159 

31 

10 

9 

17 

91 

0 

0 

0.2545 

55-1 

Femurs 

0.5901 

0.5151 

3i‘ 

II 

6 

8 

61 

II 

182 

1.4930 

90-5 

AU 

0. 1461 

0.1550 

31 

12 

6 

9 

60 

0 

0 

I. 4140 

90-3 

All 

0.0280 

0.5170 

31 

13 

8 

12 

99 

12 

198 

1.8550 

AU 

0.1185 

0.2850 

41 

14 

8 

12 

100 

0 

0 

2.7110 

AU 

0.1260 

0.5150 

41 

15 

13 

t7 

95 

6 

100 

0.5748 

61.9 

Femurs 

43 

16 

13 

17 

106 

0 

0 

0.5690 

59-3 

Femurs 

43 

17 

8 

14 

102 

14 

231 

3-1745 

AU 

0.1175 

0.2230 

45 

18 

8 

X2 

no 

0 

0 

2.7690 

AU 

0.0890 

0.5250 

45 

19 

3 

8 

91 

15 

250 

2.4900 

AU 

0.1710 

0.2615 

50* 

20 

3 

8 

104 

0 

0 

1.6875 

AU 

0.5415 

0.5080 

50 

21 

6 

9 

lOI 

14 

131 

2.7990 

AU 

0.1765 

0.2555 

50 

22 

6 

9 

IB 

0 

0 

1-7345 

AU 

0.1190 

0.5655 

50 

23 

3 

8 

II 

182 

1.7200 

86.8 

AU 

0.1551 

0.1004 

31 

24 

3 

8 

0 

0 

1.5985 

88.7 

AU 

0.0594 

0.2191 

31 

‘  Pseudopregnant. 

*  An  ovarian  tumor. 


It  may  be  seen  in  the  table  that  the  uterus  of  each  treated  animal,  except  in  3 
pairs,  was  much  larger  than  that  of  the  corresponding  untreated  control.  Of  these 
three  exceptions,  2  (9  and  19)  are  readily  explainable  since  the  control  for  9  was  ap' 
parently  pseudopregnant  while  19  had  developed  a  small  tumor  of  the  ovary.  Marked 
involution  of  the  thymus  in  the  treated  animals  was  produced  by  the  hormone.  It 
will  be  seen  that  the  bone  ash  values  for  the  animals  of  which  the  whole  skeletons 

Table  1.  Average  values  for  the  treated  and  untreated  animals 


Treated  Ckintrol 

Average  initial  weight  11  rats  1J.5  gm.  ij.ggm.  Ckmtrol  j.o%  greater  than  treated 

Average  final  weight  i a  rats  77.5  gm.  8J.5  gm.  Control  7 . 7%  greater  than  treated 

Bone  weights  12  rats  i.26jogm.  i.jjjagm.  Cksntrol  5 . 6%  greater  than  treated 

Ash  12  rats  68.9%  68.1%  Treated  1.0%  greater  than  control 

Uterus  8  rats  o.i9^gm.  0.0640  gm.  Treated  198.1%  greater  than  control 

Thymus  12  rats  0.2004  gm.  0.5040  gm.  Control  46.5%  greater  than  treated 
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were  used  are  very  high.  This  is  probably  due  to  removal  of  much  of  the  organic 
material  of  the  bones  during  digestion  with  alkali.  Although  the  values  are  high  for 
these  animals  they  are  comparable  for  each  pair  as  care  was  exercised  in  duplicating 
the  conditions  of  digestion  for  each  animal  of  a  pair.  X-rays  of  the  forepaws  of  6  pairs 
of  the  animals  revealed  no  difference  in  the  ossification  centers  of  the  treated  and  the 
untreated  animals. 

It  may  be  seen  from  table  2,  in  which  the  averages  of  the  data  for  the  treated  and 
the  untreated  animals  are  shown,  that  the  initial  and  final  weights  of  the  control 
group  were  slightly  greater  than  the  treated  group.  The  bone  weights  of  the  control 
group  were  likewise  greater  than  those  of  the  treated  group  to  about  the  same  degree. 
On  the  contrary  the  percentage  of  ash  was  1%  greater  in  the  treated  than  in  the  con- 
trol  group,  a  value  too  small  to  be  considered  of  any  significance.  Pronounced  effects 
are  shown  by  the  values  for  the  uterus  and  thymus.  It  seems  apparent  that  under  the 
conditions  of  these  experiments,  sufficient  alpha  estradiol  benzoate  may  be  adminis' 
tered,  over  a  period  up  to  50  days  at  least,  to  young  rats  of  the  Douredoure  strain  to 
produce  marked  effects  on  the  uterus  and  involution  of  the  thymus,  without  causing 
evident  skeletal  changes. 

SUMMARY 

Amounts  of  alpha  estradiol  benzoate  sufficient  to  produce  marked  effects  on  the 
uteri  and  the  ovaries  and  marked  involution  of  the  thymus  of  immature  female  rats 
did  not  produce  demonstrable  effects  on  skeletal  development. 
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COLORIMETRIC  ESTIMATION  AND  FRACTIONATION 
OF  URINARY  ANDROGENS 

ASSAYS  OF  NORMAL  AND  PATHOLOGICAL  URINES^ 

EMIL  J.  BAUMANN  and  NANNETTE  METZGER 
From  the  Laboratory  Division,  Montefiore  Hospital 

NEW  YORK  CITY 

The  colors  obtained  by  applying  the  Zimmerman  (i)  reaction  for  17' 
ketosteroids  to  the  estimation  of  androgens  in  urine  are  usually  not  compa¬ 
rable  to  those  given  by  androsterone  or  dehydroisoandrosterone  consequently 
results  which  are  too  high  have  been  reported  (2-5).  In  the  work  described  in  this 
paper  we  have  made  a  better  purification  of  the  neutral  fraction  of  benezene  extract 
of  urine,  by  solution  of  the  dry  steroids  in  pentane  followed  by  adsorption  on  acti¬ 
vated  MgO  and  elution  with  ether.  The  degree  of  purification  of  the  eluates  is 
shown  by  the  fact  that  17-ketosteroids  make  up  35  to  50%  of  the  total  solids.  The 
eluates  have  been  further  analyzed  by  separation  of  the  soluble  from  the  insoluble 
digitonides.  The  latter  fraction  consists  chiefly  of  dehydroisoandrosterone  and  in 
certain  pathological  conditions  of  isoandrosterone  as  well. 

PROCEDURE 

Steroid  extracts  of  urine  are  prepared  according  to  the  method  of  Dingemanse 
and  Laqueur  (6)  by  which  a  maximum  amount  of  urine  steroid  is  extracted  with 
little  destruction.  The  benzene  extract  is  separated  into  acidic,  neutral  and  phenolic 
fractions  by  the  method  of  Gallagher  et  al.  (7).*  The  neutral  fraction  is  evaporated 
to  dryness  under  reduced  pressure  and  made  up  to  a  definite  volume  with  95% 
alcohol. 

An  aliquot  of  such  an  androgen  extract,  containing  the  equivalent  of  about  0.2 
mg.  androsterone,  is  evaporated  in  a  10  cc.  conical  flask  in  a  water  bath  and  dried 
completely  in  a  vacuum  desiccator.  The  residue  is  extracted  with  dry  pentane,  first 
with  4  cc.  and  5  times  with  2  cc.,  the  pentane  being  brought  to  a  boil  in  a  warm  water 
bath  each  time.  It  is  then  decanted  into  a  25  cc.  conical  flask  and  the  red  gummy  resi¬ 
due  discarded.  To  the  pentane  extract  0.5  g.  activated  MgO  is  added*  and  shaken 
gently  for  2  minutes.  The  pentane  is  decanted  through  a  7  cm.  #40  Whatman  filter, 
fastened  to  the  funnel  with  a  paper  clip,  the  MgO  and  filter  paper  is  washed  3  times 
with  3  cc.  of  pentane  and  the  pentane  solutions  discarded.  Five  cc.  of  ether  is  added 
to  the  MgO,  shaken  2  minutes  and  decanted  into  a  25  cc.  conical  flask  through  the 
same  filter  used  to  remove  the  pentane  extracts.  It  is  washed  5  times  with  2  cc.  por¬ 
tions  of  ether,  the  MgO  transferred  to  the  filter  with  the  last  2  washings,  and  the 
filter  washed.  The  ether  extracts  are  evaporated  carefully  in  a  warm  water  bath 
and  dried  completely  in  a  vacuum  desiccator  over  H2SO4  at  5  to  12  mm.  for  half  an 

*  Presented  before  the  American  Society  of  Biological  Chemists  at  New  Orleans,  March,  1940. 
*  Instead  of  the  10  extractions  with  10%  NaOH  used  by  them  to  remove  estrogens,  we  find  6  or 
7  are  sufficient. 

•  The  activated  “Micron"  Brand  MgO,  No.  1641,  was  bought  from  the  California  Chemical 
Corporation  of  Newark,  Calif.  It  must  be  protected  from  COj. 
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hour.  The  color  in  this  extract  is  developed  along  with  standards  containing  o.i, 
0.2  and  0.3  mg.  androsterone,  similarly  dried,  according  to  Callow  et  al.,  as  follows. 

Two  tenths  each  of  anhydrous  aldehyde  free  alcohol,  2%  alcoholic  m'dinitro' 
benzene  and  2.5  n  alcoholic  KOH  is  added.  The  mixture  is  mixed  thoroughly  by 
rotating,  covered  with  tin  foil  and  allowed  to  stand  in  the  dark  for  an  hour.  It  is 
diluted  with  10  cc.  dry  ethanol  and  read  in  a  colorimeter,  preferably  through  a 
#55  Wratten  (or  similar)  color  filter.  The  unknown  should  read  within  a  few  mm. 
of  the  standard. 

The  reagents  used  are  prepared  according  to  Callow  et  al.,  except  that  the 
alcoholic  KOH  is  clarified  by  centrifuging  instead  of  filtering.  These  reagents  are 
kept  in  an  ice  box.  Technical  benzene  and  mixed  pentanes,  b.p.  28-34°  C.,  are 
purified  and  dried  by  shaking  out  with  concentrated  H4SO4  and  distilling.  Ethyl 
ether  is  purified  and  nearly  dried  by  letting  3  liters  stand  2  weeks  over  450  gm.  of 
flake  or  granular  NaOH.  It  is  filtered  and  distilled. 

Separation  of  steroids  with  digitonin.  An  androgen  extract  containing  1  to  1.5 
mg.  of  androgens  is  evaporated  in  a  25  cc.  conical  flask  to  dryness,  first  in  a  water 
bath  and  finally  in  a  vacuum  desiccator  over  BaO  or  similar  desiccant.  The  residue 
is  extracted  with  8  cc.  of  pentane,  brought  to  a  boil  in  a  warm  water  bath  and 
decanted  into  a  50  cc.  conical  flask.  Extractions  are  repeated  thrice,  each  time  with 
3  cc.  of  pentane.  The  residue  is  dissolved  in  i  cc.  of  dry  ether  and  dried  in  a  vacuum 
desiccator  over  H2SO4  for  a  few  minutes,  so  that  a  new  surface  of  the  gummy  residue 
is  presented.  This  is  again  extracted  with  3  cc.  of  pentane  3  times.  The  extracts  are 
combined;  the  residue  discarded.  One  proceeds  as  with  the  analyses  for  total  andro¬ 
gen  but  uses  0.7  gm.  MgO  for  adsorption  and  elutes  with  10  cc.  of  ether  followed  by 
6  washings  with  3  cc.  each.  The  eluate  is  evaporated  to  dryness  and  dissolved  in  5 
cc.  of  dry  ethanol.  One  cc.  of  this  may  be  used  for  estimation  of  total  androgen. 
To  3  cc.  in  a  25  cc.  centrifuge  tube  i  cc.  of  1%  digitonin  in  90%  alcohol  is  added. 
It  is  evaporated  in  a  water  bath  at  about  85°  C.  and  finally  in  a  vacuum  desiccator 
over  H2SO4  for  5  minutes.  One  cc.  of  80%  alcohol  is  added,  brought  to  a  boil  and 
stirred  with  a  thin  rod  to  dissolve  as  much  as  possible.  Ten  cc.  of  ether  is  added  in 
small  portions,  giving  the  insoluble  digitonides  chance  to  flock  before  adding  the  final 
6  to  8  cc.  It  is  centrifuged  and  the  clear  solution  poured  into  a  25  cc.  conical  flask, 
the  insoluble  digitonide  washed  twice  with  7  cc.  of  ether.  The  ether  extract  and 
washings  are  dried  in  a  water  bath  and  then  over  H2SO4  at  5  to  12  mm.  for  5  minutes. 
The  preparation  is  then  dissolved  in  3  cc.  of  dry  ethanol  and  i  cc.  taken  for  the  esti¬ 
mation  of  the  soluble  digitonides. 

To  the  insoluble  digitonides  in  the  centrifuge  tube  0.5  cc.  of  pyridine  (dried  over 
BaO)  is  added,  it  is  warmed  to  about  60-70°  C.,  and  stirred  with  a  thin  rod  until 
dissolved.  Then  5  cc.  of  ether  is  added  in  small  portions,  giving  the  digitonin  chance 
to  flock  out  after  the  first  cc.  or  so  is  added,  it  is  centrifuged  and  decanted  into  a  25 
cc.  flask.  Solution  of  the  digitonin  in  pyridine  and  precipitation  with  ether  is  repeated. 
The  ether-pyridine  solutions  containing  the  /3-steroids  is  evaporated  first  in  a  water 
bath  and  then  in  a  vacuum  desiccator  over  H2SO4  for  half  an  hour  to  remove  the 
pyridine.  The  color  of  the  steroids  is  developed  as  previously  but  weaker  standards 
must  be  used  for  comparison — e.g.,  0.02,  0.04  and  0.05  mg.  of  androsterone. 

Recovery  experiments.  Recovery  of  androsterone  and  of  dehydroisoandrosterone 
added  to  urine  extracts  or  from  pure  solutions  averaged  about  90%  as  shown  in 
table  I.  It  will  be  noted  that  a  small  amount  of  the  added  dehydroisoandrosterone 
tends  to  go  with  the  digitonin  soluble  fraction. 

In  table  2  androgen  assays  of  urines  by  this  method  are  presented  and  for  com¬ 
parison  assays  on  capons  by  the  inunction  method.  The  colorimetric  estimations  in 
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Table  i.  Recovery  of  added  sterones  from  solution  and  from  urine  extracts 


Extract  No. 

Androsterone 

Dehydroisoandrosterone 

Present 

Added 

Recovered 

Present 

Added 

Recovered 

mg. 

mg. 

mg. 

% 

mg. 

mg. 

mg. 

% 

0.20 

0. 18 

90 

0.20 

0.175 

88 

0.20 

0.17 

85 

0.22 

0.20 

91 

0.20 

0. 18 

90 

0.20 

0.18 

90 

A 

mam 

0.20 

0.175 

88 

0.02 

0.20 

0.16 

80 

B  3 

HQ 

0 

0 

0.18 

90 

0 

0.20 

0.15 

75 

B  I 

Httl 

0.20 

0.22 

no 

0.02 

0.40 

0.  j8 

95 

G 

HQ 

0.20 

0.20 

100 

0 

0.40 

O.J3 

83 

R  I 

HQ 

0.20 

0.22 

no 

O.OJ 

0.40 

0.35 

88 

J  I 

HQ 

0.20 

0.17 

8y 

0 

0.40 

0.37 

93 

terms  of  androsterone  equivalents  are  nearly  always  higher  than  the  capon  assays. 
Where  the  output  is  very  low,  the  colorimetric  assay  may  give  values  5  or  more  times 
as  great  as  the  biologic  method,  while  with  higher  excretions,  the  two  give  results 
more  nearly  equal.  This  is  to  be  expected  since  the  urinary  steroids  have  different 


Table  1.  CkJMPARisoN  of  colorimetric  and  capon  assays  of  urine  androgens 
(Representative  examples  of  4^  comparisons) 


Androgen  as  androsterone 

No.  and 

Age 

Colorimetric 

Diagnosis 

Capon 

Total 

1 

a'17'ketO'* 

steroids 

/3'17'keto- 

steroids 

S  9 

54 

mg. /day 
0.4 

mg./day 

3-6 

mg./day 

3-6 

mg./day 

0 

Myxedema 

Bl  cf 

47 

1.8 

1.6 

1.6 

O.I 

Coronary  disease 

N  9 

13 

7-7 

9-1 

9.1 

0.1 

Hirsutism 

W  9 

20 

6.5 

16.2 

15-3 

0.3 

Hirsutism 

K  i9 

15 

0.9 

a-3 

1-3 

0 

Adrenal  carcinoma  3  wk.  postoperative 

K  29 

15 

3a- 1 

367.0 

157.0 

111 

Adrenal  carcinoma  recurrence 

Bd  ic? 

43 

5-9 

6.7 

6.6 

0.2 

Graves'  disease 

Ba  20" 

43 

7-1 

6.3 

6.0 

O.I 

Graves'  disease 

J  icf 

51 

8.1 

11.8 

11.8 

0 

Graves'  disease 

J  4d' 

51 

1.9 

9.1 

9-1 

O.I 

Graves'  disease 

St  icf' 

31 

10.3 

9.0 

8.3 

0.3 

Graves'  disease 

St  2cf 

31 

4-5 

9.1 

8.0 

0.8 

Graves'  disease 

E  i9 

20 

a-3 

7-3 

7-1 

0. 1 

Graves'  disease 

E  39 

10 

1.8 

8.0 

7-8 

O.I 

Graves'  disease 

Ro  9 

41 

10. 1 

9.6 

9-4 

0. 1 

biological  activities  and  give  chromogenic  values  that  do  not  correspond  to  the 
biologic  actions.* 

In  table  3,  androgen  assays  of  45  urines  by  colorimetric  and  biologic  methods  are 


*  The  capon  assays  were  made  by  Drs.  David  Marine  and  Samuel  H.  Rosen.  We  wish  to  thank 
them  for  permission  to  use  these  observations.  Some  of  these  data  were  included  in  a  paper  presented 
by  them  at  the  meeting  of  the  American  Society  for  Experimental  Pathologists  at  Toronto,  April  26, 
I9J9- 

The  assays  were  made  by  the  inunction  method  on  groups  of  3  birds.  A  standard  androsterone  solu' 
tion  was  run  for  control  with  each  set  of  assays.  The  assay  was  usuiilly  repeated  at  another  time  and  the 
average  result  is  given  in  the  table. 
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compared.  The  figures  represent  the  ratios  of  colorimetric  to  biologic  values.  Similar 
ratios,  Computed  from  the  data  in  the  paper  of  Callow,  Callow  and  Emmens,  are 
also  given.  It  will  be  seen  that  the  values  obtained  by  our  method  approach  the  capon 
assays  more  closely. 


Table  3.  Comparison  of  androgen  assays  by  colorimetric  and  capon  methods 


0-4.9  mg.  1 

5-9.9  mg.  1 

10-23  mg. 

Method 

No. 

No. 

No. 

Range 

Average 

Range 

Average 

Range 

Average 

B6?M 

14 

I-  9I 

J-J* 

ij 

I-  6 

1-4 

8 

i-J 

1-7 

C,  C  &?  E 

14 

2-20 

7-9 

17 

2-25 

6. 1 

18 

2-8 

2.9 

*  Figures  express  ratio  of  colorimetric  to  capon  values. 


Attention  is  drawn  to  the  data  in  table  2  on  patients  with  Graves’  disease. 
Where  there  was  improvement  in  the  condition  of  patients  as  measured  by  the  usual 
criteria — pulse,  blood  pressure  B.M.R.,  muscle  strength, — the  urinary  androgens 
are  often  lowered  as  measured  biologically  though  not  when  determined  colori' 
metrically  (see  /  i  6?  4,  St  i  2,  E  i  fe?  3).  This  suggests  conversion  into  steroids 
biologically  more  inactive  during  successful  treatment.  Where  no  improvement  OC' 
curred,  as  for  example  Ba  i  and  2,  there  was  no  significant  change  in  the  androgen 
output  with  either  method  of  assay. 

In  table  4  the  distribution  of  urine  androgens  between  a  and  /3'ketosteroids  of 
4  women  and  14  men,  all  normal  adults,  is  shown.  The  relation  of  age  to  steroid 


Table  4.  Fractionation  of  androgens  of  human  urine — normal 


No.  and  Sex 

Age 

/3'17'Ketosteroids 

L  o' 

17 

mg./day 

IJ.I 

mg./day' 

0.4 

Wd' 

19 

15.0 

0.2 

G  o' 

21 

16. 1 

0.6 

Z  o' 

22 

19.2 

1-4 

P  cf 

15 

16.6 

I.I 

Pa  o' 

15 

15.6 

2.8 

A  cf 

15 

11,8 

1-5 

B  o' 

26 

10.5 

I.O 

G  d* 

17 

it-3 

0.5 

Z  d' 

19 

15.1 

0.4 

D  o' 

30 

11.5 

0.2 

E  o' 

49 

6.4 

0.2 

S  9 

26 

4-5 

0.2 

B  9 

26 

4-7 

O.I 

0  9 

JO 

J-7 

0.  I 

M  9 

J8 

4-5 

O.J 

*  Most  of  the  analyses  reported  in  this  paper  were  made  on  3'day  urine  specimens. 


output  in  males  shown  by  Womack  and  Koch  (8)  is  again  brought  out  in  these  data. 
In  addition  these  data  show  that  the  amount  of  /3'ketosteroids  is  ordinarily  small — 
not  more  than  0.3  mg.  per  day  or  5%  of  the  total  androgens  or  less  in  both  men  and 
women.  Recently,  Callow  and  Callow  (9,  10)  have  separated  nearly  equal  amounts 
of  androsterone  and  of  a'3  hydroxyetiocholanone'17  from  the  urine  of  both  men  and 
women  and  a  relatively  small  quantity  of  dehydroisoandrosterone.  In  so  far  as  they 
go,  our  findings  are  in  line  with  those  of  the  British  investigators.  We  wish  to  point 
out,  however,  that  between  the  ages  of  20  and  27  considerably  more  /3'ketosteroids 


668  EMIL  J.  BAUMANN  AND  NANNETTE  METZGER  Volume  17 

arc  excreted  in  the  urine  of  normal  men — as  much  as  2.5  mg.  per  day,  or  17%  of  the 
total,  being  found  in  the  urine  of  subject  A. 

In  table  2  the  distribution  of  a  and  /3'ketosteroids  in  various  pathological  states 
is  also  shown.  Compared  to  the  normal  standards  for  age  and  sex,  the  androgen  out- 
put  in  Graves’  disease  is  frequently  increased  in  both  men  and  women;  for  example, 

J  I,  Ro,  E  I,  almost  all  of  which  is  found  in  the  a^ketosteroid  fraction. 

The  enormous  excretion  of  androgens  in  virilism  is  brought  out  by  the  case 
included  in  this  report.  The  first  specimen,  K  i,  was  obtained  5  weeks  after  removal 
of  a  cortico'adrenal  carcinoma,  as  a  result  of  which  the  hirsutism  and  other  symptoms 
associated  with  virilism  had  largely  disappeared  and  the  androgen  output  was  very 
low.  The  second  specimen  K  2  was  taken  some  3  months  later  when  hirsutism  and 
other  evidences  of  a  recurrence  of  the  disease  appeared  and  when  colorimetric  assay 
showed  a  daily  excretion  of  350  mg.  of  androgen  in  terms  of  androsterone  of  which 
no  mg.  was  found  in  the  jS'ketosteroid  fraction.  Callow  (ii)  actually  isolated  no 
mg.  of  crystalline  dehydroisoandrosterone  from  a  liter  of  urine  in  a  similar  case. 
Two  and  a  half  times  as  much  was  found  in  the  a-fraction  and  since  the  capon  assay 
showed  androgens  equivalent  to  only  32  mg.  androsterone  present,  most  of  the  250 
mg.  found  colorimetrically  must  have  been  etiocholanone  or  other  biologically 
inactive  steroid. 

DISCUSSION 

From  the  work  of  the  Callows  it  appears  probable  that  under  normal  and  most 
pathological  conditions,  the  urinary  androgens  consist  for  the  most  part  of  roughly 
equal  amounts  of  androsterone  and  a'3  hydroxyetiocholanone'17,  and  a  much  smaller 
quantity  of  dehydroisoandrosterone,  although  those  who  first  isolated  androsterone 
and  dehydroisoandrosterone,  believed  these  two  sterones  were  present  in  approxi' 
mately  equal  amounts.  Under  most  circumstances,  normal  and  abnormal,  we  find 
the  /3'ketosteroids,  to  which  class  dehydroisoandrosterone  belongs,  make  up  5%  or 
less  of  the  total  urinary  androgens.  The  exceptions  to  this  general  statement  are 
found  in  the  case  of  cortico^adrenal  carcinoma — where  40%  of  the  androgens  were 
found  in  the  /3'ketosteroid  fraction  and  in  the  urines  of  normal  young  men  between 
the  ages  of  20  and  27  where  as  much  as  15%  of  the  total  androgens  was  found  in  this 
fraction. 

Since  the  biologic  and  colorimetric  androgen  assays  measure  two  different  things, 
there  is  every  reason  why  they  should  give  different  results.  Etiocholanone  is  biO' 
logically  inactive  while  dehydroisoandrosterone  is  stated  to  have  one'seventh  to 
one-third  the  activity  of  androsterone  on  the  capon  comb.  On  the  other  hand  both 
androsterone  and  dehydroisoandrosterone  give  an  equal  amount  of  color  with 
m'dinitrobenzene  and  alkali  while  the  amount  of  color  given  by  etiocholanone  is 
unknown. 

It  seems  probable  then,  that  androsterone  makes  up  not  less  than  40%  of  the 
urinary  androgens.  If  this  is  so,  it  follows  that  on  the  average,  the  colorimetric  method 
should  give  results  not  more  than  2  or  3  times  those  obtained  by  the  capon  method, 
both  being  expressed  in  weight  of  androsterone.  Such  a  relation  has  been  approached 
in  few  if  any  of  the  colorimetric  methods  previously  published. 

SUMMARY 

A  method  for  the  colorimetric  estimation  of  17'ketosteroids  in  urine  based  on  the 
Zimmerman  reaction  is  described,  in  which  interfering  substances  are  largely  removed 
from  the  neutral  steroid  fraction  by  solution  in  pentane,  adsorption  on  MgO  fob 
lowed  by  elution  with  ether.  The  results  obtained  on  nearly  50  urines  are  compared 
with  capon  assays.  The  androgens  have  been  further  fractionated  into  a'  and  /S'ke- 
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tosteroids  with  digitonin.  Under  most  conditions  only  a  very  small  amount  of 
/3'ketosteroids  is  present.  However,  in  normal  males  between  20  and  27  years  of 
age,  the  /3  fraction  is  increased,  sometimes  to  as  much  as  15%  of  the  total  and  in 
a  patient  with  virilism,  40%  of  the  total  androgens  was  found  in  the  /3  fraction. 
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THE  COMPARATIVE  ESTROGENIC  POTENCY  OF 
DIETHYL  STILBESTROL,  ESTRONE,  ESTRADIOL 
AND  ESTRIOL 

C.  W.  SONDERN  and  J.  LEON  SEALEY 
From  the  Research  Laboratories  of  George  A.  Breon  and  Company 

KANSAS  CITY,  MISSOURI 

SINCE  the  initial  report  of  Dodds,  Goldberg,  Lawson  and  Robinson  (i)  on  the 
preparation  and  estrogenic  properties  of  stilbestrol  (diethyl  stilbestrol),  a  nuiu' 
her  of  workers  have  compared  the  physiological  effects  of  this  compound  with 
the  various  natural  estrogens.  Investigators  have  generally  agreed  that  in  spayed 
adult  rats  or  mice  stilbestrol  is  more  effective  orally  than  any  of  the  natural  estrogens. 
Of  the  natural  estrogenic  compounds  estriol  is  the  most  effective  orally  and  estradiol 
the  most  effective  by  subcutaneous  injection. 

Table  i  gives  comparisons  between  oral  and  subcutaneous  estrogen  activities  in 
adult  spayed  rats  and  mice  reported  by  five  groups  of  investigators  (2  to  7). 


Table  i 


Authors 

Estrogen 

Animal 

I  u  subcut. 

I  u  oral 

Hain  d  Robson  (2) 

Estrone 

Rats 

Aq.  1.57 

Estrone 

Mice 

Aq.  0.157 

Estrone 

Rats 

Oil  J.J7 

Estrone 

Mice 

Oil  0.097 

Rowe  Simond  (j,  4) 

Estrone 

Rats 

Aq.  o.jj-0.57 

Aq.  5.0-6.67 

Estriol 

Rats 

Aq.  1.0  -1.357 

Aq.  2.5-3-07 

Estrone 

Mice 

Aq.  0.06-0.077 

Estrone 

Rats 

Oil  i.o  R.u. 

Oil  40.0  R.u. 

Estriol 

-  Rats 

Oil  1.0  R.u. 

Oil  10. 0  R.u. 

Estradiol 

» <  Rats 

Oil  1.0  R.u. 

Oil  60.0-75.0R.U 

Dodds,  Lawson 

Stilbestrol 

Rats 

Oil  0.357 

Oil  1.07 

Noble  (y) 

Stilbestrol 

Rats 

Aq.  0.157 

Estrone 

Rats 

Aq.  0.6^ 

Leighty  €»*  Wick  (6) 

Stilbestrol 

Mice 

Aq.  0.067 

Aq.  0.25-0.37 

Estrone 

Mice 

Aq.  0.057 

Aq.  >1.257 

Emmens  (7) 

Stilbestrol 

Mice 

Aq.  0.17 

Propylene  0.47 

Estrone 

Mice 

Aq.  0.17 

Glycol  1.07 

Estradiol 

Mice 

Aq.  0.0157 

Glycol  1 . 17 

Estriol 

Mice 

Aq.  1. 17 

Glycol  3.07 

‘  Crystalline  stilbestrol  (diethyl  stilbestrol)  imported  from  England.  Crystalline  estrone — the 
International  Reference  Standard  supplied  by  the  U.S.P.  Endocrine  and  Hormone  Advisory  Board. 
Crystalline  estradiol  obtained  from  the  Chinoin  Chemical  and  Pharmaceutical  Works.  Estriol  purchased 
as  capsules  from  two  local  drug  houses. 


670 


October,  1940 


POTENCY  OF  ESTROGENS 


671 


Table  2.  Doses  of  estrogens  to  which  50%  of  20  or  more  adult  castrated 

ANIMALS  RESPOND 


Mice 

Rats 

Ck>in  pound 

Oral 

Subcut. 

oral 

subcut. 

Oral 

Subcut. 

oral 

subcut. 

7 

7 

7 

7 

Stilbestrol 

0.35 

0.07 

5 

a-75 

1-7 

1.6 

Estrone 

9.0 

0.085 

105 

215.00 

30 

75.0 

Estradiol 

7-5 

0.015 

500 

175.00 

1.8 

97.0 

Estriol 

3-? 

1-3 

85.00 

17.0 

3-1 

EXPERIMENTAL 

The  object  of  this  study  was  to  determine  for  each  compound  the  dose  to  which 
50%  of  a  group  of  at  least  20  animals  would  respond.  This  information  would  serve 
as  a  useful  guide  in  evaluating  the  known  estrogens  as  well  as  any  new  compounds 
which  became  available. 

Wistar  strain  albino  rats  and  black  Bar  Harbor  C'57  strain  mice  raised  in  our 
laboratories  from  registered  stocks  were  used.  The  diet  of  all  animals  was  Purina  Fox 
Chow  supplemented  by  adequate  amounts  of  fresh  raw  milk  and  water.  The  animals 
were  kept  in  a  room  maintained  at  78-80°  F. 

Ovariectomy  was  performed  at  90  to  100  days  of  age  at  which  time  the  mice 
weighed  20  +  1  gm.  and  the  rats  weighed  200  ±  5  gm.  Groups  of  10  to  50  animals  were 
castrated  over  a  period  of  10  months.  They  were  never  used  on  assays  for  more  than 
7  months  after  castration.  Estrogen^  injections  were  made  every  7  to  10  days.  Animals 
that  did  not  respond  once  during  a  3  weeks  period  were  tested  at  2>^  times  the  estab' 
lished  estrogenic  dose.  Those  failing  to  respond  were  discarded.  All  subcutaneous 
doses  were  made  as  single  injections  of  estrogen  in  o.i  cc.  vegetable  oil.  Three  divided 
oral  doses  were  given  in  aqueous  (or  dilute  alcoholic)  solution  at  8:00  a.m.,  4:00  p.m. 
and  8:00  A.M.  The  volume  of  solution  was  0.25  cc.  for  mice  and  i  cc.  for  rats.  A 
special  stomach  tube  described  by  Tandy  and  Pugh  (8)  was  used  because  of  the  rapid' 
ity  with  which  injections  can  be  made  and  the  assurance  that  the  complete  dose 
reached  the  stomach.  Vaginal  smears  were  made  at  approximately  54,  60  and  70 
hours  after  the  initial  injection.  They  were  examined  under  low  power  without  stain' 
ing.  A  smear  was  rated  positive  when  we  obse^d  essentially  complete  disappear' 
ance  of  leucocytes  from  the  field  and  their  replacement  by  masses  of  non-nucleated  epi' 
thelial  cells. 


Table  2  shows  the  doses  of  estrogenic  materials  to  which  the  castrated  rats  or 
mice  responded.  In  a  few  cases  extrapolations  were  made  from  groups  showing  a  40 
to  65%  response. 


Table  3.  The  response  of  rats  to  graded  oral  doses  of  stilbestrol 


Dose 

No.  determinations 

Response 

7 

% 

1.15 

30 

17 

1.0 

41 

26 

62 

39 

3-0 

85 

61 

5.0 

61 

80 
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Table  3  gives  the  response  of  rats  to  graded  oral  doses  of  stilbestrol.  The  dose-per 
cent  response  of  both  the  rats  and  mice  to  oral  estrogens  was  almost  identical  to  the 
response  to  the  natural  estrogens  observed  by  Coward  and  Burn  (9)  and  D’ Amour 
and  Gustavson  (10). 

Table  4  shows  the  ratio  of  doses  of  natural  estrogens  to  stilbestrol  under  similar 
conditions  of  administration.  Due  to  the  fact  that  stilbestrol  is  advocated  for  oral 

Table  4.  Approximate  ratio  of  the  estrogenic  activity  between  stilbestrol  and  natural  estrogens 


Mice  Rats 


administration  in  human  therapy,  it  was  of  interest  to  note  that  in  mice  stilbestrol 
was  about  one-fourth  as  effective  orally  as  was  estrone  by  subcutaneous  injection  and 
that  in  rats  these  estrogens  had  approximately  the  same  potency  when  compared  in 
this  manner.  We  can  offer  no  explanation  for  this  remarkable  species  difference  in 
the  relative  activity  of  these  two  substances. 

SUMMARY 

The  comparative  estrogenic  activity  of  stilbestrol,  estrone,  estradiol  and  estriol 
by  oral  and  subcutaneous  administration  has  been  presented. 

The  oral  administration  of  graded  doses  of  stilbestrol  to  rats  and  mice  showed  a 
dose-per  cent  response  almost  identical  to  that  obtained  by  Coward  and  Burn  and 
D’ Amour  and  Gustavson  for  natural  estrogens. 

Assayed  by  oral  administration  to  spayed  adult  mice  estrone,  estradiol  and  estriol 
were  found  to  be  respectively,  i/rfth,  i/2oth  and  i/ioth  ais  effective  as  stilbestrol. 
In  rats  estrone  was  i/8oth,  estradiol  i/65th  and  estriol  i/joth  as  effective  as  stil- 
bestrol. 

When  assayed  on  spayed  adult  mice  and  rats  by  subcutaneous  injection  stilbestrol 
was  found  to  have  about  the  same  order  of  potency  as  estrone. 

By  the  oral  route  in  mice  stilbestrol  is  one-fourth  as  effective  as  estrone  subcutane¬ 
ously.  In  rats,  however,  the  effectiveness  is  approximately  the  same  when  compared 
in  this  manner. 
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PERIODIC  CHANGES  IN  BLOOD  ESTROGEN 


HAROLD  LAMPORT 

From  the  Department  of  Neurology,  College  of  Physicians  and  Surgeons, 
Columbia  University  and  the  J^eurological  Institute 

NEW  YORK  CITY 

IT  HAS  BEEN  amply  demonstrated  that  there  is  an  hormonal  interrelationship 
between  the  anterior  pituitary  and  the  ovary.  The  follicle  stimulating  hormone 
(FSH)  produced  by  the  pituitary  is  necessary  for  the  elaboration  by  the  ovary 
of  estrogenic  hormone  (EH).  In  general,  the  greater  the  concentration  of  blood  FSH, 
the  greater  the  rate  o^  production  of  EH.  The  influence  of  concentration  of  EH  on 
the  secretion  of  FSH  into  the  circulation  is  more  obscure,  but,  irrespective  of  the 
exact  mechanism,  there  is  agreement  that  increasing  blood  EH  concentration  reduces 
the  concentration  of  biologically  effective  FSH  in  the  blood.  (i-6). 

The  two  relations — the  effect  on  EH  production  of  FSH,  and  the  effect  on  FSH 
of  EH — have  prompted  various  workers  to  suggest  an  hypothesis  for  explaining  the 
periodic  monthly  fluctuations  in  blood  EH  observed  in  normal  menstruating  women. 
Moore  (7),  Moore  and  Price  (8),  and  independently,  Brouha  and  Simonnet  (9)  first 
propounded  it  in  1930.  Leonard,  Meyer  and  Hisaw  (10)  seemed  to  reach  the  same 
conclusion.  The  idea  was  further  elaborated  by  Moore  and  Price  (ii)  and  then  by 
Corner  in  1933  (2)  and  in  1938  (12).  Edgar  Allen  (13),  in  a  review  in  1935,  offered 
the  same  hypothesis.  During  1939,  Adam  (14)  subscribed  to  it  and  Fevold  (5),  in  a 
review,  gives  its  most  recent  statement:  the  cycle  “is  a  result  not  only  of  a  follicle 
stimulating  and  luteinizing  hormone  from  the  pituitary,  but  actually  the  ovaries 
govern  their  own  cyclic  activity  by  controlling  or  regulating  the  secretion  of 
these  two  factors  by  the  pituitary  .  .  .  (FSH)  production  and  secretion  apparently 
increase  and  LH  production  decreases  when  the  pituitary  is  not  acted  upon  by 
estrogen,  while  when  estrogen  does  act  on  the  pituitary  the  reverse  is  true,  (FSH) 
decreasing  and  LH  increasing.”  Corner  (2)  said:  “We  are  conjecturing  a  kind  of  see' 
saw  effect .  .  .  the  cycle  is  Uke  a  clock'work  in  which  the  pituitary  is  the  driving 
force  and  the  regulating  escapement  is  the  reciprocal  action  of  ovarian  and  pituitary 
hormones.  The  hypophysis  starts  the  production  of  oestrin.  .  .  .  The  rise  in  oestrin 
then  checks  the  production  of  pituitary  hormone,  which  begins  to  fall  as  oestrus 
occurs.  The  oestrin  is  used  up  or  excreted,  or  both,  and  as  it  falls  to  a  low  ebb  in 
the  dioestrous  interval,  the  hypophysis  begins  again  to  secrete  its  hormone.”  He 
calls  it  the  “push'pull”  theory  and  also  appUes  it  to  the  menstrual  cycle  of  the 
primates  and  women. 

We  shall  examine  this  theory  mathematically  to  determine  whether  it  can 
account,  not  for  all  the  details  of  the  menstrual  cycle,  but  simply  for  the  monthly 
fluctuation  in  blood  EH  in  women  (15-24). 

We  propose  to  make  four  fundamental  assumptions  concerning  the  physiology 
of  EH  and  I%H,  and  then,  on  this  basis,  to  determine  how  the  concentration  of  blood 
EH  will  vary  with  the  passage  of  time.  We  shall  make  minor  assumptions,  as  con' 
servatively  as  possible,  to  make  this  mathematical  relationship  approximate  as  closely 
as  it  can  the  known  relationship,  observed  clinically  by  bioassay.  But  despite  weight' 
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ing  the  scales  in  favor  of  the  push-pull  theory,  we  shall  show  that  it  leads  to  a  blood 
EH'time  curve  which  is  very  grossly  different  from  the  observed  one.  It  will  fail  by 
not  being  rhythmic,  like  the  actually  observed  blood  EH  curve.  In  this  way,  the 
conclusion  that  some  other  factor,  not  included  in  the  push-pull  theory,  is  the 
master  clock  activating  the  blood  EH  cycle  will  become  inescapable. 

The  push-pull  theory  makes  use  of  the  removal  of  hormones  from  the  circulation 
by  catabolism  and  excretion.  Both  EH  and  FSH  are  excreted  in  the  urine  and  also 
“used  up”  in  the  body  at  a  rapid  rate  (25-29).  The  liver  is  apparently  the  most  im¬ 
portant  organ  in  the  catabolism  of  EH  (30).  Little  is  known  of  the  catabolism  of 
FSH.  As  regards  excretion,  there  appears  to  be  rough  parallelism  within  the  wide 
limits  of  precision  of  current  bioassay  between  the  concentrations  of  the  two  hor¬ 
mones  in  the  blood  and  their  daily  rates  of  urinary  excretion  (17,  18,  26,  31-34). 
For  our  purposes,  where  our  interest  does  not  lie  in  a  detailed  study  of  the  blood 
EH  curve,  but  rather  in  its  most  general  property,  its  periodicity,  the  assumption 


Fig.  I.  Effect  on  rate  of  production  of  EH  of  effective  blood  FSH. 

that  EH  and  FSH  are  removed  from  the  circulation  at  a  rate  proportional  to  their 
blood  concentration^  is  a  fair  one,  despite  some  disagreement  concerning  its  applica¬ 
tion  to  estrin  in  the  non-gravid  woman  (15,  35,  17,  18).  The  effect  of  a  modification 
of  this  assumption  on  the  final  result  would  be  to  change,  not  the  curve’s  property 
of  being  periodic,  but  its  contours,  moderately.  As  an  analogy,  although  the  earth 
is  really  flatter  at  the  poles  and  bulges  more  at  the  equator  than  a  sphere,  for  almost 
all  calculations,  the  sphere  suflaces.  Our  assumption  is  the  one  which  has  been 
found  to  apply  to  the  rate  of  disappearance  of  most  drugs  from  the  circulation  (36, 
37).  It  can  be  written  as  follows. 

Rate  of  disappearance  of  EH  =  constant  X concentration  of  blood  EH. 

Rate  of  disappearance  of  FSH  =  constant  X concentration  of  blood  FSH. 

The  push-pull  theory  also  makes  use  of  the  relationships  between  EH,  FSH, 
and  the  glands  producing  them.  These  relationships,  which  have  already  been 
discussed,  must  be  put  in  mathematical  form.  We  know  that  the  greater  the  con¬ 
centration  of  blood  FSH,  the  greater  the  rate  of  production  of  EH,  and  that  with  no 
FSH  the  ovaries  probably  produce  no  EH.*  We  can  make  curves  (fig.  i)  representing 
this  relation,  assuming  that  it  is  continuous,  a  characteristic  of  almost  all  natural 
phenomena.  (If  discontinuity  should  exist,  our  argument  would  not  apply  and  the 
see-saw  relationship  might  be  inherently  self-perpetuating.) 

*  One  can  add  a  constant  here,  to  make  the  relation  more  general,  but  the  end  result  is  the  same. 

*  EH  appears  not  to  be  synthesized  by  the  intestinal  flora  (unpublished  observation). 
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There  is,  of  course,  a  limit  to  the  rate  of  production  of  EH  that  can  be  evoked  by 
unlimited  amounts  of  FSH,  so  that  all  possible  curves  must  finally  flatten  out.  This 
means  that  we  can  have  a  convex  curve  like  A,  an  S-shaped  curve  like  C,  or  the  sim' 
plest  curve  B,  a  straight  line  flattening  out  at  the  maximum  value,  which  is  a  good 
approximation  for  both  A  and  C,  especially  at  the  low  values  of  EH  and  FSH  found 
in  the  physiological  (non-gravid)  range.  The  approximation  is  probably  well  within 
the  error  of  current  bioassay.  Again,  we  may  say  that  the  eflfect  on  the  final  blood 
EH'time  curve  of  a  minor  change  from  curve  B,  above,  to  A  or  C  would  alter  moder¬ 
ately  the  contour  of  the  final  curve,  but  would  not  affect  its  most  general  quality, 
periodicity.  Accordingly,  our  third  assumption  is  expressed  as  follows. 

Rate  of  production  of  blood  EH  =  constant  X concentration  of  blood  FSH. 

Concerning  FSH,  the  same  type  of  reasoning  can  be  applied.  However,  since  in 
the  castrated  woman  blood  FSH  reaches  a  high  value  (i,  31),  we  graph  in  figure  2 


Fig.  1.  Inhibition  of  production  of  effective  blood  FSH  by  EH. 


the  decrease  in  the  rate  of  biologically  effective  FSH  against  concentration  of  blood 
EH. 

Here,  again,  for  lack  of  presently  available  data  and  in  the  interest  of  simplicity, 
we  choose  the  straight  line  B  and  whatever  error  may  thus  be  introduced  will  affect 
only  the  details  of  our  final  curve,  not  its  rhythmicity.  Our  fourth  assumption  is 
then  as  follows. 

Rate  of  production  of  blood  FSH  =  constant  —  constant  X  concentration  blood  EH. 

It  must  be  emphasi2«d  again  that  the  above  assumptions,  strictly  speaking,  may 
well  be  incorrect:  they  are  simply  crude  but  useful  approximations  where  little 
data  are  available.  Conclusions  drawn  from  them  can  have  validity  only  if  they 
have  a  very  large  margin  for  error. 

The  symbols  to  be  used  are  defined  as  follows. 

Let  F'  =  total  amount  of  effective  blood  FSH  produced  by  anterior  pituitary  in  time,  t, 
measured  in  days. 

F  =  total  amount  of  effective  FSH  in  circulating  blood  at  time  t. 

fh  =  total  amount  of  effective  blood  FSH  removed  from  the  blood  in  time  t,  whether 
excreted  or  “used  up.” 

E'  =  total  amount  of  EH  produced  by  ovaries  in  time  t. 

E  =  total  amount  of  EH  in  circulating  blood  at  time  t. 

eh  =  total  amount  of  EH  removed  from  the  blood  in  time  t,  whether  “used  up”  or  ex¬ 
creted. 

And  let  r,  q,  k,  c,  and  J  be  positive  constants,  as  used  in  the  four  assumptions  rewritten 
mathematically  below. 
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d(eh)  d(fh) 

TT  - 


dF 

dt 


=  J  -  cE. 


The  definitions  of  the  symbols  lead  to  two  simple  equalities. 

E'  =  E  +  eh  F'  =  F  +  fh 

These  six  equations  lead  directly  to  a  differential  equation  which  is  the  welhknown  one 
of  damped  harmonic  motion  (38). 

d^F  dF 

+  (q  +  r)  -^  +  (qr  +  ck)E  =  kj. 


If  one  suspends  a  weight  by  a  spring  in  an  oihbath  so  that  it  bobs  up  and  down 
and  projects  its  shadow  onto  a  moving  photographic  film,  the  curve  traced  on  the 
film  will  describe  the  motion  of  the  weight.  The  form  of  this  curve  is  defined  by  the 
above  equation,  where  the  constants  refer  to  coeflBcients  of  elasticity  and  friction. 
Whether  the  curve  is  periodic  or  not  depends  on  the  relative  importance  of  the 
damping  constants,  q  and  r.  In  figure  3,  we  see  the  successive  curves  that  would 
be  photographed  as  the  damping  (viscosity  of  the  oil)  increases  from  zero  to  a  large 
value. 


Fig.  3.  Simple  and  damped  harmonic  motion.  I.  no  damping,  simple  harmonic  motion.  II.  slight 

DAMPING.  III.  CONSIDERABLE  DAMPING.  IV.  CRITICAL  DAMPING.  V.  OVER  DAMPING. 


The  observed  curve  for  blood  EH  that  we  are  concerned  with,  while  there  is 
difference  of  opinion  concemings  its  details,  is  periodic.  Figure  4  shows  the  curve 
found  by  Frank  and  Goldberger  (39). 
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It  is  seen  that  only  curves  I  and  II  in  figure  3,  those  for  slight  or  no  damping,  can 
apply.  If  we  knew  the  values  of  q,  r,  c,  k,  and  J,  we  could  determine  immediately 
what  the  EH-time  curve  resulting  from  the  push'pull  equations  would  be,  but  this 
method  of  approach  is  not  at  present  feasible  since  these  constants  are  not  com- 
pletely  known.  We  do  know,  however,  that  (q+r),  the  cause  of  damping,  is  not 
zero.  Each  of  these  constants  refers  to  the  rate  of  removal  of  its  respective  hormone 
from  the  blood,  when  the  amount  of  it  in  the  blood  is  one  unit.  The  hormones  disap^ 
pear  rapidly  from  the  blood.  Consequently,  curve  I,  simple  harmonic  motion,  cannot 
be  produced  by  the  push-pull  theory. 

The  remaining  possible  curve,  II,  that  of  slightly  damped  harmonic  motion, 
needs  to  be  considered,  as  present  data  do  not  suffice  to  controvert  the  hypothesis 
that  the  peaks  of  the  blood  EH  curve,  over  many  years,  may  gradually  be  falling  in 
each  individual. 

If  the  average  value  for  E  is  E,  the  equation  for  curve  II  becomes: 

E  =  £  -f  cos  (B  +  t\/qr  +  ck  —  (J4)  (q  +  r)*) 

where  A  is  a  constant  depending  on  the  choice  of  units  for  measuring  E,  and  where 
B  is  a  constant  depending  on  what  point  in  the  menstrual  cycle  we  choose  for 
t  =  o.  Let  us  fix  B  so  that  E  is  a  maximum  at  t  =  o.  For  the  curve  to  satisfy  the  push- 
pull  theory,  its  next  maximum  must  be  28  days  later.  Calling  these  two  maxima 
Eo  and  Ejs,  we  can  compute  the  ratio  (E28  — £)/(Eo— £),  which  is  the  relative  height 
of  the  second  peak  of  blood  EH  above  its  average  value  compared  with  the  first  peak. 
If  the  push-pull  theory  were  adequate,  this  ratio  should  be  near  one;  if  it  is  not, 
it  should  be  near  zero.  We  find: 


E28  -  £  ^  ,i/2^28rn^-r^cos  (B  +  28Vqr  +  ck  -  (M)  (q  +  r)^) 

Eo  —  £  '  cos  B 

It  can  be  shown  mathematically  that  at  the  maxima,  the  ratio  of  the  two  above  cosines 
is  one,  so  that  they  cancel.  We  then  have  only  to  assign  values  for  q  and  r  which  will 
err  on  the  side  of  being  too  small,  since  the  smaller  (q+r)  is,  the  nearer  the  above 
ratio  will  be  to  one,  and  we  have  agreed  to  give  the  push-pull  hypothesis  the  benefit 
of  all  doubt.  Let  us,  therefore,  suppose  that  q  is  zero,  which  is  of  course  less  than  its 
actual  value,  and  that  r  is  due  solely  to  the  excretion  of  EH  in  the  urine.  This  will 
give  r  a  value  about  33  times  too  small  (27,  28).  Our  equation  for  r  becomes  then: 

_  rate  of  urinary  excretion  of  EH 
amount  of  blood  EH 

Integrating  the  above  equation,  we  have: 

_  total  urinary  excretion  of  EH  in  28  days 

The  average  of  blood  EH  obtained  by  the  improved  method  of  Frank  and  Goldberger 
(39)  is  less  than  47  M.u./liter  blood.  Fluhmann  (17,  18,  22)  has  reported  blood  EH 
values  during  the  menstrual  cycle  in  terms  of  the  mouse  mucification  test.  The  average 
blood  EH,  computed  from  his  data,®  is  21  M.u./liter.  Once  again,  in  order  to  favor  the 

*  The  graph  recording  the  data  (17)  gives  the  average  of  the  reaction  numbers  in  the  mouse  mucifica- 
tion  test.  Since,  with  the  test,  M.u./liter =(7.5)  the  result  is  that  Fluhmann’s  reported  mean 

values  are  the  geometric  means  of  the  estrogen  content  of  the  blood  samples,  rather  than  the  arithmetic 
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push-pull  theory,  we  shall  take  Frank  and  Goldberger’s  higher  value  of  47  M.u./liter 
and,  allowing  for  6  liters  blood  volume,  we  get  for  E,  282  m.u. 

The  later  work  on  the  urinary  excretion  of  estrogen  uses  hydrolization  technics 
which  have  greatly  increased  the  reported  amounts.  Frank  and  Goldberger’s  blood 
data  are  not  on  hydrolized  estrogen,  but  since  Fluhmann’s  observations,  based  on 
direct  injection  of  serum  into  mice,  give  lower  values  than  Frank  and  Goldberger’s, 
and  since  Frank  (in  preliminary  unpublished  work  subject  to  revision)  finds  no 
consistent  increase  in  blood  estrogen  after  hydrolysis,^  it  seems  justified  to  use  Frank 
and  Goldberger’s  data  and  the  more  recent  urinary  findings.  Progressive  catabolism 
and  hydrolization  appear  to  reduce  the  estrogenic  activity  of  the  primary  ovarian 
hormone  (40,  41)  so  that  the  assay  of  excreted  metabolized  estrogen  in  terms  of  the 
international  standard,  estrone,  will  tend  to  give  too  low  a  value  for  urinary  excretion, 
thus  favoring  the  push-pull  theory. 

Adjusting  the  duration  of  the  menstrual  cycle  to  28  days,  and  weighting  the  data 
according  to  the  number  of  cycles  on  which  they  were  based,  we  find  an  average  28- 
day  urinary  excretion  of  9400  i.u.  estrogen  (32,  33,  42,  43,  44). 

Before  applying  it,  we  must  convert  our  value  for  E  of  282  m.u.  into  the  inter¬ 
national  unit.  This  has  not  been  done  with  blood  estrogens  so  far  as  we  know  so  that 
an  approximation  must  be  used.  We  shall  choose  i  m.u.  =  1.0  i.u.  (12,  45),  a  value 
which,  for  our  purposes,  is  more  conservative  than  others  in  the  literature  (46,  47). 

We,  therefore,  have  for  r: 

9400 

r  =  — - ==  1.2. 

28  X  282 

Our  ratio  for  the  relative  amplitudes  above  the  average  value  of  two  successive 
maxima  of  blood  EH  becomes,  then, 

???- — ^  =  e~“  *  =  0.00000005. 

Co  —  c 

In  other  words,  even  when  the  constants  q  and  r  are  shifted  so  as  to  favor  the  see-saw 
EH-FSH  hypothesis,  it  is  found  to  be  untenable:  the  amplitude  of  the  second  “maxi¬ 
mum”  above  the  average  value,  28  days  after  the  first,  would  be  practically  zero, 
that  is  blood  EH  would  not  fluctuate  at  all. 

The  infinitesimal  size  of  the  above  ratio  indicates  a  tremendous  range  for  error  in 
our  assumptions  and  thereby  justifies  the  use  of  them.  If  they  were  wrong  to  a  large 
degree,  the  hypothesis  of  a  rhythm  inherent  in  the  ovary-pituitary  interrelationship 
would  still  break  down  by  yielding  an  unperiodic  curve.  Only  a  deviation  from  our 
assumptions  large  enough  to  amount  to  a  discontinuity  in  the  rate  of  disappearance 
or  rate  of  production  of  the  hormones  considered  would  permit  the  tenability  of  the 
see-saw  EH-FSH  relationship. 

It  should  also  be  noted  that  by  assuming  urinary  excretion  as  the  only  cause  of 
disappearance  of  EH,  we  have  biased  the  above  ratio  strongly  in  favor  of  the  push-pull 
hypothesis.  If  Zondek’s  (28)  figure  of  3%  recovery  of  injected  estrogen  were  applied, 
the  ratio  would  be  0.000  .  .  .  (240  zeros)  .  .  .  001,  a  fantastically  small  ratio.  There  is 

means,  as  reported  by  all  other  workers.  Recomputing  in  terms  of  arithmatic  means  gives  higher  values 
but  substantially  the  same  form  of  curve.  However,  statistical  analysis  on  the  1934  data — the  iQjb 
data  are  not  detailed — reveals  no  significant  difference  between  the-two  reported  peaks  and  the  difference 
between  the  maximum  and  minimum  is  barely  significant. 

*  The  specimens  of  blood  were  taken  late  in  pregnancy,  when  four  to  ten  tests  could  be  made  from 
the  same  sample. 
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further  reserve  in  that  q  has  arbitrarily  been  considered  zerok,  which  is  probably 
much  smaller  than  its  true  value. 


SUMMARY 

A  theory,  proposed  by  various  authors  since  1930,  and  called  by  one  the  push' 
pull  theory,  has  been  put  into  mathematical  form.  They  have  used  it  to  explain  the 
periodic  fluctuations  in  estrogenic  hormone  in  the  female,  associated  with  the  sexual 
cycle,  in  terms  of  the  interrelationship  between  ovaries  and  anterior  pituitary.Funda- 
mentally,  it  rests  on  the  facts  that  estrogen  production  by  the  ovaries  is  dependent  on 
the  amount  of  circulating  ‘effective’  gonadotropic  hormone  secreted  by  the  pituitary, 
and  that  estrogen  causes  the  pituitary  to  decrease  the  secretion  into  the  blood  of 
‘effective’  gonadotropic  hormone.  Thus,  increasing  blood  estrogen  decreases  the 
amount  of  circulating  ‘effective’  gonadotropic  hormone  so  that  the  ovaries  produce 
progressively  less  estrogen  and  its  blood  concentration  starts  to  fall.  As  a  conse' 
quence,  ‘effective’  gonadotropic  hormone  starts  to  rise,  increasing  once  again  blood 
estrogen  so  that  the  cycle  is  repeated. 

Mathematical  analysis  of  this  hypothesis  then  leads  to  the  conclusion  that  it  can 
be  correct  only  if  the  quantities  involved  lead  to  a  blood  estrogen^ — time  curve  known 
as  under 'damped  harmonic  motion.  When  this  possibility  is  explored,  with  all  doubts 
concerning  the  necessary  quantities  resolved  in  favor  of  the  hypothesis,  it  is  found 
completely  inadequate.  If  the  duration  of  the  cycle  is  chosen  to  be  28  days,  the  push' 
pull  theory  leads  to  a  curve  for  blood  estrogen  in  relation  to  time  which  is  practically 
unperiodic,  so  small  are  its  fluctuations.  Some  other  cause  not  considered  in  the  hy' 
pothesis  must  be  sought. 
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THE  RESTORATION  OF  OVULATORY  CYCLES  AND 
CORPUS  LUTEUM  FORMATION  IN  PERSISTENT^ES^ 
TROUS  RATS  BY  PROGESTERONE 

JOHN  W.  EVERETT 

From  the  Department  of  Anatomy,  Du\e  University  School  of  Medicine 

DURHAM,  NORTH  CAROLINA 

IT  IS  WELL  RECOGNIZED  that  thc  hotmone  of  the  corpus  luteum  tends  to  inhibit  v 
ovulation  when  formed  in  large  quantities  or  when  experimentally  introduced 
in  sufficient  amounts.  In  the  rat  an  inhibitory  level  of  luteal  activity  usually ' 
makes  itself  evident  only  after  copulation  or  artificial  stimulation  of  the  cervix  uteri. 
The  corpora  lutea  of  ovulation  in  the  ordinary  cycle  are  usually  said  to  be  of  little 
functional  significance  in  this  respect.  Certain  authors  (1,2)  have  reported  indefinite 
postponement  of  estrus  in  the  adult  rat  during  the  daily  administration  of  crystalline 
progesterone  in  quantities  between  1.5  mg.  and  4.0  mg.  Daily  doses  of  i.o  mg.  or 
less  of  the  crystalline  hormone  apparently  have  little  effect  on  the  estrous  rhythm  (2), 
so  that  these  amounts  may  be  considered  to  be  sub'inhibitory  in  the  adult  rat. 

The  experiments  described  here  suggest  that  these  subdnhibitory  quantities  may^ 
play  a  definite  role  which  is  obscured  in  normally  cyclic  rats,  but  which  may  be 
made  evident  under  the  special  conditions  of  persistent  estrus.  In  these  circum'’^ 
stances,  amounts  of  progesterone  between  0.25  mg.  and  i.o  mg.  per  day  actually 
facilitate  ovulation  and  corpus  luteum  formation. 

The  spontaneous  occurrence  of  persistent  estrus  was  recently  described  (3)  as 
a  characteristic  of  segregated  females  in  a  rat  colony  maintained  in  this  laboratory. 
The  condition  becomes  well  established  in  more  than  50%  of  the  virgin  females 
before  the  age  of  200  days.  In  these  animals  prolonged  vaginal  cornification  is  directly 
associated  with  persistent,  large  Graafian  follicles,  each  possessing  a  healthy  granulosa 
and  ovum.  These  follicles  are  capable  of  ovulating  and  luteinizing  if  the  animal  is 
given  a  sheep  pituitary  extract  (unpublished  observations).  Untreated,  and  as  long 
as  the  rats  are  kept  from  the  male,  the  follicles  do  not  ovulate  nor  form  corpora  lutea. 
One  can  usually  find  a  full  complement  of  them  at  any  stage  of  persistent  cornifica' 
tion,  never  an  excessive  number.^  Evidence  that  frequent  replacement  of  the  older 
follicles  occurs,  as  they  age  and  undergo  atresia,  is  furnished  by  the  fact  that  a  few 
rapidly  growing  follicles,  approaching  mature  size,  are  usually  found  among  the  older 
ones.  The  interstitial  tissue  tends  to  be  markedly  increased  in  volume  over  that  in 
normal  animals.  The  greater  part  of  it  consists  of  fairly  massive,  ovoid  clusters  of 
thecal  cells,  probably  representing  earlier  sets  of  persistent  follicles. 

The  interstitial  cells  are  of  added  interest  in  that  their  nuclei  present  varying 
degrees  of  achromatolysis,  approaching  in  appearance  the  ‘wheel’  figures  char- 
acteristic  of  the  hypophysectomized  rat.  These  nuclear  changes  are  said  to  be 
repaired  or  prevented  by  the  administration  of  gonadotrophic  agents  having  luteiniz' 
ing  activity,  such  as  APL  from  pregnancy  urine  (6,  7)  and  ICSH  (8,  9).  In  like 
manner,  prompt  repair  of  the  interstitial  cells  accompanied  our  experimental  ovula. 

'  The  hyperestrous  rats  of  the  Albany  strain  (4)  simulate  this  condition.  However,  they  rarely 
undergo  long  periods  of  full  cornification  (5). 
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tion  of  pcrsistcnt'cstrous  ovaries  by  sheep  AP.  The  nuclei  had  all  become  vesicular 
within  48  hours  after  a  single  injection. 

In  spite  of  the  fact  that  spontaneous  ovulation  and  corpus  luteum  formation  do 
not  ordinarily  occur  in  animals  in  which  persistent  estrus  has  become  well  estab¬ 
lished,  these  changes  are  readily  brought  about  by  copulation.  The  persistent- 
estrous  rat  thus  resembles  the  estrous  rabbit  more  closely  than  do  rats  in  which 
constant  estrus  has  been  produced  experimentally.*  There  is,  however,  this  im¬ 
portant  difference:  the  persistent-estrous  rat  is  potentially  capable  of  spontaneous, 
cyclic  ovulation,  a  fact  made  evident  by  the  occasional  incidence  of  a  normal  cycle 
or  two  between  periods  of  prolonged  estrus.  This  potentiality  is  also  demonstrated 
by  the  sequellae  of  pseudopregnancy  in  such  animals.  At  the  close  of  this  period, 
a  brief,  cyclic  estrus  is  usually  observed,  followed  shortly  by  a  return  to  prolonged 
vaginal  cornification. 

The  fact  that  persistent-estrous  rats  retain  the  ability  to  form  active  corpora 
lutea  after  copulation,  together  with  their  potentiality  of  spontaneous,  cyclic  ovula¬ 
tion,  affords  an  excellent  approach  to  experimental  analysis  of  this  peculiar  endocrine 
balance.  The  present  study  has  its  basis  in  the  following  considerations,  (a)  The  cycle 
at  the  close  of  pseudopregnancy  comes  at  a  time  when  the  level  of  progestin  formation 
is  no  longer  sufl&cient  to  inhibit  estrus.  (b)  The  production  of  progestin  could  hardly 
be  expected  to  stop  suddenly,  but  more  likely  is  continued  with  diminishing  pace 
at  the  end  of  the  interval,  (c)  The  smallest  daily  dose  of  crystalline  progesterone  in 
oil,  effective  in  inhibiting  estrus  in  adult  rats,  is  1.5  mg.  (2).  Cycles  proceed  nor¬ 
mally  when  i.o  mg.  or  less  is  given.  With  these  points  in  mind,  then,  the  immediate 
problem  was  to  determine  whether  these  sub-inhibitory  quantities  would  interrupt 
estrus  and  produce  normal  cycles  in  rats  whose  recent  history  would  indicate  little 
possibility  of  these  changes  taking  place  spontaneously. 

METHODS 

Test  animals  were  selected  from  a  large  group  which  had  been  followed  by  daily 
vaginal  smears  for  several  months,  supplemented  in  a  few  instances  by  individuals 
whose  records  were  known  for  only  the  preceding  6  weeks.  Preference  was  given  to 
old  animals  with  long-established  persistent  estrus,  to  reduce  the  probability  of 
spontaneous  interruption  of  estrus. 

The  animals  were  maintained  under  colony  conditions  during  the  experiments. 
Smears  were  taken  each  morning  by  our  routine  method  of  pipette  lavage  with 
physiological  saline. 

The  experiments  were  of  two  varieties  which  may  be  designated  as  short-term 
and  long-term,  respectively.  In  the  short-term  experiments,  12  animals  were  observed 
for  only  a  few  days  under  the  experimental  conditions  to  determine  the  initial  effects. 
They  were  then  killed  and  their  ovaries  and  tubes  were  preserved  by  either  Zenker 
or  Bouin  fixation.  Serial  sections  were  prepared  and  stained  with  a  modified  Masson 
technique.  In  the  long-term  studies,  13  rats  were  treated  for  periods  of  22  to  55  days, 
long  enough  to  obtain  a  significant  series  of  consecutive  cycles.  In  most  instances 
vaginal  smear  examinations  were  continued  for  at  least  2  weeks  after  the  injections 
were  stopped. 

The  progesterone  was  administered  subcutaneously  in  the  form  of  a  sesame  oil 

*  Constant  estrus  results  from  the  parabiotic  union  of  a  normal  or  hypophysectomized  female  rat 
with  a  castrate  male  or  female  (10,  ii),  and  is  regularly  obtained  as  the  result  of  the  implantation  of  testes 
into  female  rats  in  infancy  (12).  In  these  instances,  vaginal  comffication  continues  indefinitely.  The 
expression,  ‘persistent  estrus,’  applied  to  the  spontaneous  condition  found  in  our  stock,  serves  to  indi¬ 
cate  that,  although  the  estrous  periods  are,  at  times,  exceedingly  protracted,  they  are  occasionally 
interrupted. 
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solution,  5  mg.  of  the  crystalline  hormone®  to  each  cubic  centimeter  of  oil.  The 
injection  sites  were  the  right  axilla  and  both  groins,  employed  in  rotation  when  the 
larger  amounts  were  given  on  consecutive  days.  The  amounts  injected  daily  and  the 
number  of  days  of  treatment  varied  in  specific  cases  as  indicated  below.  The  minimum 
and  maximum  quantities  were  o.i  mg.  and  i.o  mg.  per  day,  respectively,  in  single 
injections. 


< 

in 

Ul  < 

Ul  Ul 

U  -1 

S  5 

VAGINAL  ESTROUS 
PERIODS 

in 

Ul  Ul 

a 

D  u 

CORPORA 

LUTEA 

OVULATION 

?  0 
z  Z 
< 

00 

< 

Z 

25 

>  JUI 
§  “ 

DAYS  APTER 

First  treatment 

^2 

NEW 

OLDER 

636.2 

463 

77 

77 

0.5  0.5  A 

n  1 - j 

set 

05  A 

607.4 

51  1 

140 

1  3 

SET 

619. 3 

490 

149 

97 

t  t  A 

SET 

SET 

3 

LIKELY 

6 19. 4 

490 

101 

16 

A  * 

uw  rym 

(+4  Cysts; 

LIKELY 

0.5  A 

604.  1 

526 

*  ' 

177 

152 

f 

646’  1 

451 

172 

0.75  0.25  A 

111  1 

91 

607.5 

0.25 A 

519 

62 

16 

4- 

624.2 

497 

1  0.5  A 
n  m 

1  40 

94 

4- 

636.4 

462 

1  03 

1  3 

1  0.5  A 

n  1 — 1 

wmmm  rn 

f 

4- 

646.2 

454 

161 

20 

1  0.5  A 
n  ( — 1 

1 

4- 

4- 

n 

916.2 

322 

36 

15 

Han  sa 

f 

4- 

1  0.5  A 

n  1 - 1 

1090.1 

162 

16 

16 

t 

+ 

4- 

Fig.  I.  Vaginal  sequences  of  a  series  of  persistent-estrous  rats  treated  for  short  periods 

WITH  SMALL  AMOUNTS  OF  PROGESTERONE,  SHOWING  OVULATORY  CYCLES  IN  9  INDIVIDUALS.  Estrus  is  repfC' 

sented  in  black.  The  amounts  of  progesterone  injected  are  shown,  in  mg.  per  day,  by  the  numerals  over 
the  brackets  above  each  sequence.  The  ages,  etc.  refer  to  the  day  of  first  treatment.  A — autopsy. 


RESULTS 

The  most  immediate  outward  effect  of  progesterone  treatment  was  the  appear' 
ance  of  vaginal  diestrus  within  48  hours  after  the  first  injection  (fig.  1,2).  Among  the 
24  rats  which  received  0.25  mg.  or  more,  animal  834.1  alone  was  refractory.  Her 
48'hour  smear  was  metestrous,  becoming  diestrous  on  the  following  day.  Further 
refractoriness  was  indicated  by  her  later  history  in  the  long'term  series. 

The  initial  ‘induced’  diestrous  intervals  were  uniformly  of  ordinary  length, 
from  2  to  4  days,  834.1  again  constituting  the  single  exception  with  only  one  di' 
estrous  smear.  Interruption  of  estrus  was  unaccompanied  by  corpus  luteum  formation 

*  The  crystalline  progesterone  used  in  these  experiments  was  generously  supplied  by  the  Schering 
Corporation  through  the  courtesy  of  Dr.  Erwin  Schwenk. 
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in  II  of  the  12  animals  in  the  short-term  experiments  (fig.  i).  The  other,  819.4, 
apparently  had  ovulated  and  luteinized  immediately,  for  at  autopsy  her  ovaries  con¬ 
tained  not  only  a  set  of  large  follicles  but  also  an  imperfect  set  of  corpora  lutea,  3 
of  which  contained  no  ova. 

In  the  first  4  of  the  short-term  animals,  persistent  estrus  promptly  reappeared 
whenever  progesterone  was  withheld  near  the  onset  of  heat.  For  example,  in  the  case 
of  807.4,  the  last  0.5  mg.  injection  was  given  24  hours  before  we  obtained  an  early 
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Fig.  2.  Vaginal  sequences  of  the  long-term  series,  showing  the  occurrence  of  consecutive 

CYCLES  DURING  TREATMENT  AND  THE  RESUMPTION  OF  PERSISTENT  ESTRUS  AFTER  PROGESTERONE  WAS  WITH¬ 
DRAWN.  Estrus  is  shown  in  black.  The  amounts  of  progesterone  are  indicated,  in  mg.  per  day,  by  the 
numerals  over  the  brackets  above  each  sequence.  Ages,  weights,  etc.  refer  to  the  day  of  first  treatment. 
A — autopsy;  D — discontinued  or  transferred  to  another  experiment;  L — laparotomy. 

proestrous  smear.  This  proestrus  developed  into  full  cornification  which  continued 
until  the  animal  was  killed.  Her  ovaries  contained  a  set  of  large  follicles  at  that  time, 
with  no  evidence  of  corpora  lutea.  On  the  other  hand,  819.3  received  i.o  mg.  24 
hours  before  her  smear  indicated  Stage  II.  Undoubtedly  much  of  the  hormone  was 
still  available  during  the  intervening  proestrus.  Presumably,  had  she  not  received 
this  second  treatment,  persistent  estrus  would  have  reappeared  at  this  time.  As  it 
was,  however,  she  apparently  went  through  an  ovulatory  cycle  first.  At  the  time  of 
autopsy,  after  the  return  of  persistent  estrus,  her  ovaries  contained  a  single  set  of 
well-formed  corpora  lutea,  together  with  a  set  of  large  folUcles. 

The  record  of  804.1  is  of  interest  in  that  her  first  cycle  proved  to  be  anovulatory, 
although  outwardly  entirely  normal.  Removed  jmd  preserved  at  the  height  of  estrus 
in  the  second  cycle,  her  ovaries  exhibited  a  set  of  luteinizing  follicles,  but  no  other 
evidence  of  corpora  lutea. 
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The  last  7  animals  in  the  series  were  treated  uniformly  and  gave  an  essentially 
uniform  response.  On  each  of  the  first  a  days,  i.o  mg.  was  administered  to  each 
animal  (except  846.1  to  which  0.75  mg.  was  given).  The  subsequent  daily  doses  were 
0.25  mg.  for  846.1  arid  807.5;  and  0.5  mg.  for  the  others.  In  each  of  the  7  the 
injections  were  continued  throughout  diestrus  and  were  given  for  the  last  time  on 
the  day  when  the  vaginal  smear  was  fully  cornified.  With  the  exception  of  918.2 
and  1090. 1  the  animals  were  killed  on  the  following  day,  diestrus  having  made  itself 
evident  in  each  instance.  These  2  animals  were  killed  the  night  before,  in  metestrus 
and  diestrus,  respectively.  Histological  examination  of  the  ovaries  and  tubes  left  no 
doubt  that  all  seven  rats  had  ovulated  and  were  in  the  process  of  forming  corpora 
lutea.  Ova  were  found  in  the  tubes  of  all  7  animals  except  846.1,  where  tubal 
obstruction  made  it  impossible. 

In  the  8  animals  whose  ovaries  were  removed  during  metestrus  or  postovulatory 
diestrus  the  formation  of  early  corpora  lutea  was  accompanied  by  transformation 
of  interstitial  nuclei  from  the  ‘wheel’  figure  to  the  vesicular  form  seen  in  normal 
ovaries.  Such  a  change  was  not  evident  in  the  ovaries  of  the  4  animals  which  had 
been  allowed  to  return  to  persistent  estrus.  This  was  true  even  in  819.3  in  which 
an  ovulatory  cycle  had  first  occurred.  One  ovary  of  846.1  had  been  removed  48  hours 
after  the  first  injection  of  progesterone.  Here  there  was  no  evidence  of  interstitial 
cell  repair,  although  it  was  clearly  evident  in  the  second  ovary  after  the  ovulatory 
cycle. 

Continuation  of  daily  injections  over  long  periods  (fig.  2)  served,  on  the  whole, 
merely  to  extend  the  observations  of  the  short-term  experiments.  It  is  readily  ap¬ 
parent  that,  during  the  periods  of  treatment,  persistent  estrus  was  either  non¬ 
existent  or  was  frequently  interrupted.  Among  the  ii  cases  shown,  8  animals  were 
followed  through  sequences  of  from  6  to  10  cycles  which  were  clearly  of  normal 
duration,  save  for  rare  24-hour  prolongation  in  851.1  and  855.2.  The  smallest  effective 
dose  levels  during  these  sequences  were  i.o  mg.  (i  case),  0.5  mg.  (2  cases)  and  0.25 
mg.  (5  cases),  respectively.  The  fact  that  834.1  required  more  than  0.75  mg.  per  day, 
while  the  majority  of  the  others  responded  well  to  0.25  mg.,  may  possibly  be  cor¬ 
related  with  her  greater  weight  (305  gm.)  or  with  the  fact  that  she  possessed  a  benign 
mammary  tumor One  other  animal,  not  illustrated,  received  o.i  mg.  per  day  for 
22  days  with  no  significant  effect. 

To  determine  whether  the  sesame  oil  itself  might  be  the  active  agent  rather 
than  progesterone,  4  persistent-estrous  rats  were  given  0.2  cc.  of  the  oil  each  day  for 
8  days.  All  of  them  remained  in  vaginal  estrus.  Their  ovaries,  removed  on  the  9th 
day,  exhibited  the  typical  picture  of  persistent  follicles,  with  no  evidence  of 
interstitial  cell  repair. 

DISCUSSION 

It  seems  evident  that  as  little  as  0.25  mg.  of  progesterone  per  day  in  certain  cases, 
and  probably  0.5  mg.  in  most  instances,  will  serve  to  restore  cyclic  ovulation  and 
corpus  luteum  formation  in  persistent-estrous  rats.  This  is  accompanied,  at  the  time 
of  the  first  cycle,  by  interstitial  cell  repair,  in  a  degree  somewhat  less  than  one  finds 
soon  after  the  administration  of  sheep  pituitary  extract.  The  failure  of  most  of  the 
animals  to  ovulate  and  to  luteinize  immediately  after  the  initiation  of  treatment 
appears  to  be  correlated  with  the  fact  that,  early  in  the  initial  diestrus,  the  interstitial 
nuclei  were  still  densely  chromatic  in  the  one  case  observed. 

There  is  no  direct  evidence  at  hand  to  indicate  whether  the  progesterone  ad¬ 
ministered  in  these  experiments  has  acted  upon  the  ovary  itself,  or  elsewhere.  It 


‘  Mammary  tumors  arc  rarely  seen  in  this  strain. 
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may  be  that  it  has  acted  directly  upon  the  ovarian  tissue  so  as  to  lower  its  threshold 
to  LH.  In  this  connection  it  should  be  recalled  that  there  is  a  certain  amount  of  evi' 
dence  that  the  LH  content  of  the  hypophysis  tends  to  diminish  with  age  (13),  an 
observation  suggesting  that  ovarian  failure  in  these  animals  may  be  secondary  to  a 
deficiency  in  LH  secretion.  If  the  action  of  progesterone  in  facilitating  ovulation  is 
localized  within  the  ovary,  it  seems  strange  that  ovulation,  corpus  luteum  formation 
and  interstitial  cell  repair  do  not  occur  until  several  days  after  the  first  treatment, 
whereas  they  follow  immediately  upon  the  administration  of  sheep  AP. 

There  is  a  direct  parallel  to  this  delayed  effect  of  progesterone,  in  the  delayed 
appearance  of  pseudopregnancy  which  has  been  observed  (s')  in  certain  of  these  ani' 
mals.  Here  also,  ovulation  is  postponed  until  several  days  after  copulation.  Cyclic 
estrus  then  occurs  and  corpora  lutea  are  formed  which  become  active  and  produce 
a  pseudopregnant  interval.*  The  most  reasonable  interpretation  of  this  sequence  of 
events  would  seem  to  be  that  the  pituitary  gland  of  persistent-estrous  rats  contains, 
or  is  able  to  release  after  the  stimulus  of  copulation,  a  relatively  small  amount  of 
LH.  During  the  succeeding  few  days  the  formation  of,  or  the  ability  to  release  LH 
would  perhaps  be  increased  in  some  manner  to  an  ovulatory  level.  It  is  not  impossible 
that  progesterone  in  small  amounts  would  have  similar  action. 

Before  such  an  hypothesis  can  be  elaborated  and  critically  analysed,  considerably 
more  information  is  required.  Of  particular  value  would  be  an  assay  of  hormone 
content  of  the  pituitary,  together  with  a  detailed  study  of  the  ovarian  reactions 
during  the  few  days  following  copulation,  with  and  without  progesterone  treatment. 

SUMMARY 

These  experiments  have  demonstrated  that  regular,  ovulatory  cycles  may  be 
restored  in  persistent^estrous  rats  by  the  daily  administration  of  small,  subdnhibitory 
quantities  of  progesterone.  The  effective  amounts  ranged  from  0.25  mg.  to  i.o  mg. 
per  day, 

Ovuhtion  and  corpus  luteum  formation  were  induced  in  rats  whose  recent 
history  would  indicate  little  likelihood  of  these  events  occurring  naturally. 

The  initial  effect  of  the  treatment  was  the  appearance  of  diestrus  within  48  hours, 
usually  without  luteinization.  This  interval  was  of  ordinary  duration  in  each  in- 
stance.  A  cycle  followed  whenever  a  sufficient  amount  of  extrinsic  progesterone  was 
made  available  at  the  end  of  the  interval;  otherwise,  persistent  estrus  recurred 
promptly. 

The  mechanism  by  which  these  results  are  brought  about  must  await  further 
investigation. 

REFERENCES 

I.  Selye,  H.,  J.  S.  L.  Browne  and  J.  B.  Colup:  Proc.  Soc.  Exper.  Biol.  Med.  J4:  471.  19J6. 

а.  Phillips,  W.  A.:  Am.  J.  Physiol.  119:  6ij.  19J7. 

3.  Everett,  J.  W.:  Endocrinok^y  25:  113.  1939. 

4.  Wolfe,  J.  M.:  Am.  J.  Cancer  38:  383.  1940. 

5.  Wolfe,  J.  M.:  Personal  communication.  1940. 

б.  Selye,  H.,  J.  B.  Collip  and  D.  I..  Thompson;  Endocrinology  17:  494.  1933. 

7.  Selye,  H.,  J.  B.  Collip  and  D.  L.  Thompson;  Annt.  Rec.  y8;  139.  1934. 

8.  Evans,  H.  M.,  K.  Korpi,  M.  E.  Simpson,  R.  I.  Pencharz  and  D.  H.  Wonder;  Hniv.  Cal.  Publ. 
Anat.  i;  255.  1936. 

9.  Jensen,  H.,  M.  E.  Simpson,  S.  Tolksdorf  and  H.  M.  Evans;  Endocrinology  25;  57.  1939. 

10.  Hill,  R.  T.;  Endocrinology  17;  414.  1933. 

11.  WiTSCHi,  E.,  AND  W.  T.  Levine;  Proc.  Soc.  Exper.  Biol.  Med.  32;  loi.  1934. 

12.  Pfeiffer,  C.  A.;  Am.  J.  Anat.  58;  195.  1936.  „ 

13.  Hellbaum,  a.  a.;  Anat.  Rec.  63;  147.  1935. 

‘  Many  more  of  these  cases  have  been  observed  during  the  past  year  and  will  be  more  fully  pre¬ 
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OTTAWA,  ONTARIO 

The  increasing  use  of  ketonic  and  non^ketonic  esters  of  the  naturally  occurring 
estrogens  has  come  as  a  result  of  a  systematic  search  for  more  potent  estrogenic 
compounds.  The  isolation  of  the  crystalline  estradiol  by  MacCorquodale, 
Thayer  and  Doisy  (i)  was  an  important  contribution  to  this  search.  Marlow  (2), 
Lauson,  Heller,  Golden  and  Severinghaus  (3)  and  Biddulph,  Meyer  and  Gumbreek 
(4)  agree  that  estradiol  is  physiologically  more  potent  than  estrone.  In  this  respect 
they  corroborated  the  earlier  findings  of  Wintersteiner,  Schwenk  and  Whitman  (5). 
In  a  series  of  papers  Miescher,  Scholz  and  Tschopp  (6,  7,  8)  studied  the  efficiency 
coefficients  of  the  female  sex  hormones.  They  concluded  that  estradiol  and  its  esters 
possess,  on  the  whole,  more  potent  estrogenic  properties  than  that  displayed  by 
estrone  or  its  esters.  Stadler  and  Lyons  (9)  concluded  that  estradiol  monobenzoate 
is  more  than  10  times  as  potent  as  estrone.  Fischer  (10),  however,  reports  that  esters 
of  estradiol  with  the  exception  of  succinates,  acetates  and  propionates  are  less  active 
than  the  diol  itself.  Freund  (i  i)  ranked  the  three  estrogens  studied  by  him  as  follows 
in  the  ascending  order  of  their  potency:  estrone,  estradiol  benzoate,  estradiol.  How¬ 
ever,  not  all  diols  are  more  potent  than  their  corresponding  ketones,  as  demonstrated 
by  Hirschmann  and  Wintersteiner  (12). 

The  studies  reviewed  above  were  carried  out  on  mammals  and  because  different 
host  species  and  varied  modes  of  administration  are  known  to  affect  results,  it  was 
thought  advisable  to  test  on  chicks  the  relative  potencies  of  some  of  the  more  widely 
used  estrogens.  Results  of  this  test  are  presented  in  this  paper.  Ciba  preparations 
were  used  throughout  the  study.^ 

PROCEDURE 

White  Leghorn  male  and  female  chicks  were  sexed  and  transferred  to  an  electric 
battery  brooder  immediately  on  hatching.  The  sexes  were  allowed  to  run  in  the  same 
deck  of  the  brooder  to  avoid  the  introduction  of  environmental  differences  in  the 
experimental  procedure.  The  chicks  were  kept  thus  for  a  week  prior  to  the  commence¬ 
ment  of  injections,  during  which  time  all  unthrifty  individuals  were  removed. 

When  6  days  old,  the  chicks  were  weighed,  leg  banded  and  segregated  into  5 
groups,  each  containing  an  approximately  equal  number  of  males  and  females.  The 
allotment  of  the  individuals  to  the  various  groups  was  carried  out  by  a  restricted 
randomization,  the  prerequisite  being  that  within  each  sex  all  lots  should  be  com¬ 
posed  of  chicks  of  approximately  equal  size.  By  this  precaution,  the  relatively  large 
effect  of  body  weight  on  sex  organ  size,  as  shown  by  Kosin  (13),  is  randomized  through 
the  various  groups.  On  the  day  following  allocation,  when  the  chicks  were  7  days 

‘  A  grateful  acknowledgment  is  made  to  Ciba  Company  Limited  of  Montreal,  Quebec,  for  a 
generous  supply  of  estrone,  a-estradiol  (ovocylin),  a-estradiol  benzoate  (ben-ovocylin)  and  a-estradiol 
dipropionate  (di-ovocylin). 
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old,  injections  were  commenced  and  were  continued  for  10  days.  Throughout  the 
experiment,  all  5  groups  were  allowed  to  mingle  in  each  of  2  decks  of  the  brooder  to 
equalize  any  environmental  differences  which  might  exist  between  decks.  Twenty- 
four  hours  after  the  last  injection,  the  chicks  were  weighed,  killed,  dissected  and  the 
organs  weighed  to  the  nearest  milligram.  In  the  males,  the  organs  removed  were  the 
testes  and  the  adrenals,  while  in  the  females  these  included  the  ovary,  the  oviduct 
and  the  adrenals.  Combs  were  also  removed  and  weighed  in  both  sexes.  One  of  the 
5  groups  constituted  a  control,  each  of  the  remaining  4  being  allotted  the  following  4 
hormones:  estrone,  estradiol,  estradiol  benzoate  and  estradiol  dipropionate.  Each  of 
the  groups,  including  the  control,  received  daily  intramuscular  injections  of  0.05  cc. 
sesame  oil  containing,  in  the  case  of  the  4  hormone  groups,  o.oi  mg.  of  the  allotted 
hormone.  Table  i  summarizes  results  of  the  experiment. 


Table  i.  The  effect  of  estrogens  on  white  leghorn  chicks 


Treatment 

Sex 

No.  of 
chicks 

Original 

weight 

Killing 
day  wt. 

Gonads 

Oviduct 

Adrenal 

Comb 

gm. 

gtn. 

mg. 

mg. 

mg. 

mg. 

Estrone 

(f 

25 

53.i±i-54‘ 

ioj.j±4.j6 

15+1-1 

14+0.9 

35+3-1 

I 

9 

25 

52.2±i.3J 

96.i±  J.89 

18+1.0 

28+1.0 

11+ 1. 0 

17+1-0 

Estradiol 

o' 

20 

54.6±i.65 

103.3  +  4.13 

19+1-5 

17+1.1 

36+3-7 

2 

9 

50.3±i.i2 

95.0+4.21 

18+ 1. 1 

30+1.7 

22+ 1. 1 

15+1-8 

Estradiol 

benzoate 

cf 

21 

5;i.o±i.6i 

97-9±4-3i 

13  +  1-1 

17+1-4 

26+1.6 

3 

9 

18 

53-i±i-43 

99-9±4-i8 

10+1.4 

39+1-0 

21+1.1 

11  +  1.9 

Estradiol 

dipropionate 

cf 

22 

53-3+I.68 

98.8+4.11 

16+1.3 

15+1-7 

19+1-4 

4 

9 

19 

5i-9±i-5J 

102.0+4.05 

18+1.4 

40+1.8 

21+1.1 

15+1-6 

Controls 

o' 

54.0+1.50 

108.9+3.26 

i7±i-3 

15+0.9 

41+4-3 

5 

9 

20 

52.1+1.45 

95-5  +  4. 93 

15  +  1.1 

11+1.6 

13+1-1 

14+1-6 

*  Standard  error  of  the  mean  was  used  throughout. 


EXPERIMENTAL  RESULTS 

Body  weight.  Because  the  weights  of  the  different  groups  were  balanced  for  each 
sex  at  the  initial  allotment,  the  original  body  weight  averages  did  not  vary  signifi¬ 
cantly  from  one  another.  With  regard  to  the  killing-day  weight,  it  will  be  noted  that 
the  weight  in  the  females  was  not  depressed  by  the  injection  of  homologous  sex  hor¬ 
mones.  This  has  been  verified  by  statistical  analysis.  In  this  respect,  the  results  differ 
from  those  obtained  with  rats  by  Freudenberger  and  Clausen  (14)  and  with  chicks 
by  Asmundson,  Gunn  and  Klose  (15). 

In  the  males,  on  the  other  hand,  there  was  a  definite  trend  towards  depression  of 
the  body  weight  in  the  injected  groups,  the  extent  of  this  depression  being  roughly 
proportional  to  the  oviduct  stimulating  potency  of  the  hormone.  Thus,  while  both 
estrone  and  estradiol  have  caused  some  depression  in  the  final  weight  of  the  male 
chicks,  the  physiologically  more  potent  estradiol  dipropionate  and  benzoate  showed 
greater  depression  effects.  Although  none  of  these  depressions  are  statistically  sig¬ 
nificant,  they  are  consistent  and  in  the  case  of  the  two  esters  of  estradiol,  the  odds  on 
significance  are  very  close  to  19:1.  If  these  2  groups  are  lumped  together,  the  mean 
body  weight  is  significantly  lower  than  that  of  the  control  group.  The  difference  is 
significant  at  the  5%  point. 
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Gonads.  On  the  examination  of  testes  weights  in  table  i,  it  becomes  apparent  that 
this  organ  was  markedly  depressed  by  the  injections  of  heterologous  sex  hormones. 
This  is  in  agreement  with  the  findings  of  others  (16-23).  In  each  of  the  4  hormone 
injected  groups,  statistical  analysis  shows  that  the  odds  on  testes  depression  exceed 
99;  I.  On  the  basis  of  weight  alone,  however,  the  extent  of  depression  is  not  propor' 
tional  to  the  estrogenic  potency  of  the  compound.  For  example,  in  group  i,  injected 
with  estrone,  the  testes  were  depressed  more  than  in  losts  2  and  4,  injected  with  es' 
tradiol  and  estradiol  dipropionate  respectively.  As  already  mentioned,  these  2  estro- 
gens  are  considered  to  be  physiologically  more  active  than  the  ketone. 

There  was  also  a  definite  decrease  in  the  weight  of  the  ovaries  in  the  injected 
groups,  although  the  depression  was  not  as  pronounced  as  in  the  case  of  the  male 
gonads.  The  situation  has  not  been  entirely  clarified  with  respect  to  the  effect  of 
estrogens  on  the  siae  of  the  ovary.  The  earlier  investigators  (24-28)  report  that  ex' 
traneous  estrogens  invariably  depress  the  size  of  the  ovary.  On  the  other  hand  Ellison 
and  Burch  (29)  report  that  large  doses  of  estrogens  will  cause  hypertrophy  of  the 
ovaries  in  the  normal  rat.  The  more  recent  investigations  (14,  30,  31)  tend  to  qualify 
the  earlier  idea  of  a  depressing  effect  of  extraneous  estrogens  on  the  ovary.  They 
find  that  there  is  a  time  element  in  the  response  of  the  ovary  to  the  injected  estrogens. 
The  older  the  animal  is,  the  more  susceptible  it  becomes  to  the  injurious  effects  of 
estrogens.  Although  results  of  this  study  show  that  ovaries  of  young  (7  to  17'day'old) 
White  Leghorn  pullets  are  definitely  depressed  by  the  estrogens  employed,  the  degree 
of  such  depression  is  not  dependent  on  the  estrogenic  potency  of  the  hormones. 

Oviduct.  It  is  a  well  established  fact  that  the  chick  oviduct  hypertrophies  under 
the  influence  of  injected  estrogens.  Juhn  and  Gustavson  (32)  and  Wolff  (33)  noted 
this  in  young  chicks,  while  Keck  (34)  reported  the  elongation  of  the  oviduct  of  the 
immature  as  well  as  the  mature  sexually-quiescent  English  sparrow  injected  with 
estrone.  The  data  obtained  in  this  investigation  support  these  findings.  Moreover, 
the  relative  extent  of  the  stimulation  generally  agrees  with  the  accepted  ascending 
order  of  potency  of  these  hormones,  via.  estrone,  estradiol,  estradiol  benaoate  and 
estradiol  dipropionate. 

The  degree  of  the  stimulation  in  the  injected  groups,  when  compared  with  the 
controls  was  in  every  case  significant  and,  in  the  case  of  the  3  diols,  highly  significant 
(i.e.,  in  excess  of  the  1%  error  point).  It  is  obvious  that  the  2  non'ketonic  esters  are 
far  superior  to  either  the  ketone  or  the  diol  in  their  oviduct  stimulating  power.  Per- 
haps  it  should  be  added  that  when  the  increase  in  the  weight  of  the  oviduct  of  either 
one  of  the  first  2  groups  is  compared  with  the  corresponding  increases  in  groups  3  or 
4,  the  differences  between  the  two  lots  are  statistically  significant  at  the  1%  point. 
It  is  not  likely,  therefore,  that  the  greater  oviduct  stimulating  properties  of  the  esters 
could  be  due  to  chance. 

Adrenals.  Freudenberger  and  Clausen  (14)  observed  no  effect  on  the  adrenals 
when  they  injected  young  rats  with  theelin.  Later  (35)  they  reported,  however,  that 
the  adrenals  were  depressed  in  female  rats  by  theelin.  Ellison  and  Burch  (29),  Noble 
(36),  Janes  and  Nelson  (37)  on  the  other  hand  report  definite  stimulation  of  the  ad' 
renals  following  the  injection  of  estrogens.  These  contradictions,  perhaps,  can  be 
explained  on  the  basis  of  differences  in  the  doses  used  by  the  various  workers. 

In  this  study,  the  adrenals  in  males  appeared  to  be  slightly  stimulated  by  the 
injection  of  either  estradiol  or  estradiol  dipropionate.  It  is  likely  that  the  dosage  was 
not  high  enough  or  the  injections  did  not  extend  over  a  sufficient  period  of  time  to 
give  clear  put  results.  In  the  females,  on  the  other  hand,  the  dose  apparently  produced 
consistent  depressions  in  the  weights  of  the  adrenal  gland  in  the  injected  lots.  Ah 
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though  these  depressions  were  in  no  case  statistically  significant  when  compared  with 
the  controls,  the  results  were  consistent  in  all  groups. 

Comb.  The  effect  of  estrogens  on  this  appendage  in  baby  chicks  has  not  received, 
as  yet,  the  attention  it  deserves.  Morato-Manaro  et  al.  (21),  Regnier  (38),  Hoskins 
and  Koch  (39)  agree  that  estrogens  depress  comb  growth  in  male  chicks.  Juhn,  Gus' 
tavson  and  Gallagher  (40)  on  the  other  hand  received  inconclusive  results,  while 
Breneman  (41)  states  that  the  comb  in  cockerels  can  be  stimulated  by  the  injection  of 
theelin.  Dorfman  and  Greulich  (42)  concluded  that  the  injections  of  estrogens  into 
male  and  female  chicks  will  not  cause  any  acceleration  in  growth  of  the  comb. 

It  can  be  concluded  from  examining  the  comb  weights  in  table  i,  that  combs  in 
the  male  chicks  were  depressed  by  the  injected  estrogens.  The  2  esters  were  more 
efficient  in  depressing  the  comb  weights  in  the  males  than  either  estrone  or  estradiol. 
It  should  be  noted  that  while  these  latter  2  compounds  have  depressed  the  comb 
weights,  these  depressions  were  not  statistically  significant.  In  the  case  of  the  2 
esters,  however,  the  comb  depression  exceeded  the  level  of  statistical  significance 
when  compared  to  the  controls. 

Comb  weights  in  the  females  were  not  affected  by  any  of  the  estrogens. 

DISCUSSION 

This  study  on  baby  chicks,  corroborates  the  results  previously  secured  by  other 
workers  in  mammals  with  respect  to  the  relative  potency  of  4  estrogens.  In  their 
ascending  order  these  are;  estrone,  estradiol,  estradiol  benzoate  and  estradiol  dipro- 
pionate.  Estradiol  is  only  slightly  more  potent  in  chicks  than  is  estrone,  whereas  in 
mammals  the  former  is  much  more  active. 

On  the  other  hand,  the  esterification  of  estradiol  greatly  increases  its  potency,  at 
least  in  so  far  as  oviduct  stimulating  and  male  comb  depressing  qualities  are  concerned. 
The  extent  of  this  increased  physiological  potency,  however,  is  not  as  great  as  that 
obtained  with  laboratory  mammals.  It  is  possible  that  the  threshold  value  of  the  chick 
oviduct  in  terms  of  estrogens  is  considerably  higher  than  that  of  the  sex  accessories 
of  the  rat  or  mouse. 

Another  interesting  point  brought  out  in  this  study  is  the  effect  of  estrogens  on 
the  body  weight.  It  has  been  suggested  by  (43)  that  the  depressing  effect  of  testO' 
sterone  propionate  on  body  size  in  the  male  rat  is  through  the  depression  of  the  an¬ 
terior  pituitary  growth  factor.  However,  Clausen  and  Freudenberger  (35)  report  that 
testosterone  propionate  actually  enhances  body  growth  in  the  immature  female  rats. 
Again,  Rubinstein,  Abarbanel  and  Kurland  (44,  45)  reported  that  castration  reduces 
body  weight  in  rats.  In  other  words,  according  to  this  group  of  workers,  both  the 
presence  of  the  extraneous  and  the  absence  of  the  endogenous  male  hormones  in  the 
rat  cause  body  size  depression. 

Bogart,  Sperling,  Barnes  and  -Asdell  (46),  who  found  that  ovariectomized  rats 
grow  more  rapidly  than  either  virgin,  breeding  or  lactating  animals,  suggest  that 
estrogens  depress  growth  through  an  inhibiting  action  upon  the  pituitary.  Further¬ 
more,  Clausen  and  Freudenberger  (35)  reported  that  theelin  injected  into  immature 
female  rats  decreased  body  size,  while  the  stimultaneous  injection  of  the  male  and 
female  sex  hormones  made  the  body  weight  gain  parallel  to  that  of  the  control  series. 
It  is  evident  that  there  is  a  considerable  amount  of  confusion  with  regard  to  the  effect 
of  sex  hormones  on  somatic  growth  in  rats.  In  the  tests  reported  in  this  paper,  none 
of  the  estrogens  depressed  growth  rates  in  the  females  but  in  the  males  there  was 
definite  depression  which  was  roughly  proportional  -to  the  physiological  potency  of 
the  hormones. 
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There  was  little,  if  any,  efFe;pt  on  the  weight  of  adrenals  in  the  males.  This  lack 
of  a  marked  effect  can  best  be  explained  by  assuming  either  (a)  that  the  female  sex 
hormone  exerts  no  influence  on  the  adrenals  in  the  heterologous  sex  or  (b)  that  the 
dosage  used  in  this  experiment  was  not  high  enough  to  produce  clear  cut  results.  In 
view  of  the  reported  results  with  rats,  the  latter  alternative  appears  to  be  a  more  likely 
one.  In  the  females,  on  the  other  hand,  the  injection  of  1000  i.u.  of  estrone  and  the 
proportionally  greater  unitage  of  the  more  potent  estrogens  depressed  adrenal 
weights.  This  agrees  with  the  report  of  Clausen  and  Freudenberger  (35)  who  ob' 
tained  depressed  adrenals  in  the  immature  rats  by  injecting  into  them  400  i.u.  of 
estrone. 

Contrary  to  the  suggestion  of  Breneman  (41),  the  estrogens  did  not  stimulate 
comb  growth  in  female  chicks.  In  male  chicks,  the  injections  in  every  case  have  de- 
pressed  comb  growth,  a  finding  which  agrees  with  that  of  Hoskins  and  Koch  (39) 
but  is  contrary  to  that  of  Breneman  (41). 

SUMMARY 

Five  groups  of  White  Leghorn  chicks  made  up  of  both  sexes  were  injected  with 
0.05  cc.  sesame  oil  daily  for  10  days.  In  the  first  4  groups  the  oil  contained  estrone, 
estradiol,  estradiol  benzoate  and  estradiol  dipropionate  respectively,  in  the  proportion 
of  o.oi  mg.  of  the  hormone  to  0.05  cc.  of  the  oil.  The  chicks  then  were  killed,  dissected 
and  the  endocrine  glands,  together  with  the  comb,  removed  and  weighed  to  the 
nearest  milligram.  In  the  males  the  organs  removed  were  testes,  adrenals  and  comb. 
In  the  females  these  included  ovary,  oviduct,  adrenals  and  comb. 

Results  showed  that  in  ascending  oviduct-stimulating  power,  the  order  of  the 
hormones  is;  estrone,  estradiol,  estradiol  benzoate  and  estradiol  dipropionate.  There 
was  no  effect  on  body  weight  in  the  pullet  chicks,  but  there  was  a  slight  body  size 
depression  in  the  males.  Diol-esters  were  more  eflicient  as  male  comb  depressants 
than  either  the  diol  or  estrone.  The  female  combs  were  unaffected.  Gonads  were 
depressed  in  both  sexes.  Adrenals  from  the  male  chicks  of  the  estradiol  and  the  estra¬ 
diol  benzoate  groups  appeared  slightly  stimulated,  while  there  was  a  general  depres¬ 
sion  of  this  organ  in  the  females. 
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GROWTH  AND  DEVELOPMENT  OF  SIX  GENERA^ 
TIONS  OF  ALBINO  RATS  UNDER  TREATMENT  WITH 
THYMOCRESCIN' 


ALBERT  SEGALOFF  and  WARREN  O.  NELSON 
From  the  Department  of  Anatomy,  Wayne  University,  College  of  Medicine 

DETROIT,  MICHIGAN 

Although  early  workers  on  the  thymus  thought  that  it  played  a  part  in  the 
control  of  growth  and  development,  the  work  of  Park  and  McClure  (i)  was 
.  generally  conceded  to  have  demonstrated  that  extirpation  of  the  thymus,  in 
dogs,  at  least,  led  to  no  defects  of  either  growth  or  development. 

This  status  of  the  thymus  was  abruptly  changed  in  1929  when  a  paper  by  Asher  and  Ratti 
(2)  appeared.  They  found  that  rats  fed  McCollum’s  rachitogenic  diet,  kept  in  the  dark  and 
injected  with  aqueous  thymus  extracts  grew,  while  the  uninjected  controls  were  stunted.  A 
long  and  excellent  series  of  papers  by  Asher  and  his  coworkers  followed  and  gave  additional 
steps  in  the  purifcation  of  the  active  substance.  Asher  (3)  reviewed  the  work,  which  his 
group  has  carried  on  with  thymus  extracts,  for  Abderhalden’s  “Handbuch  der  biologischen 
Arbeitsmethoden.”  He  emphasized  the  growth  and  gonadotropic  effects  of  the  extract  in 
dosages  as  low  as  i  mg.  daily  and  described  in  detail  the  method  of  extraction  which  yields 
this  last  and  most  potent  extract. 

Rowntree  and  his  collaborators  (4)  presented  the  first  of  their  reports  on  experiments 
with  thymus  extract  (Hanson)  at  the  meetings  of  the  Federation  of  Biological  Societies.  This 
presentation  was  followed  by  a  series  of  papers  on  this  study  and  its  extensions.  The  most 
complete  of  these  reports  is  that  of  Rowntree,  Clark,  Hanson  and  Steinberg  (5).  They  found 
that  injection  of  thymus  extract  (Hanson)  in  successive  generations  of  Wistar  rats  led  to  a  re- 
markable  acceleration  in  growth  and  development.  Subsequent  work  of  Einhom  and  Rown- 
tree  (6)  has  demonstrated  the  reversal  of  this  phenomenon  following  thymectomy  in  succes' 
sive  generations  of  the  same  strain  of  rats. 

To  our  knowledge  there  have  been  no  publications  from  other  laboratories  confirming 
either  of  these  two  groups  of  workers.  We  (7)  have  been  unable  to  produce  growth  in  rats 
on  deficient  diets  by  injections  of  thymocrescin,  even  in  10  times  the  reported  effective  dos' 
age.  Chiodi  (8)  has  denied  the  effects  of  both  thymus  extract  (Hanson)  and  thymectomy  in  5 
successive  generations.  Nelson  and  McGinty  (9)  have  likewise  denied  the  effects  of  thymus 
extract  (Hanson)  in  successive  generations. 

A  more  thorough  consideration  of  the  literature  with  especial  reference  to  the  work  of 
these  two  groups  will  be  found  in  the  recent  review  by  Nelson  (10). 

The  present  study  was  undertaken  in  an  attempt  to  correlate  the  studies  of  the 
Asher  and  Rowntree  groups  by  examining  the  effects  of  Asher’s  thymocrescin  in 
successive  generations  of  rats.  The  fact  that  Asher  observed  effects  in  a  single  genera- 
tion  would  suggest  that  striking  responses  might  be  obtained  if  injections  were  con¬ 
tinued  for  successive  generations. 

MATERIAL  AND  METHODS 

Thymocrescin  was  prepared  by  the  method  of  Asher  (3).  Calf  thymus  glands 

*  This  study  was  aided  by  a  grant  from  the  Ck)mmittee  on  Scientific  Research  of  the  American 
Medical  Association. 
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were  collected  immediately  after  the  kill  and  frozen.*  The  glands  were  then  chopped 
and  extracted  with  12  to  15  volumes  of  acetone.  The  residue  was  then  dried  and  ex' 
tracted  with  ether  until  all  ether-soluble  material  was  removed.  The  residue  was 
again  dried.®  The  dry  powder  was  suspended  in  7  volumes  (by  weight)  of  distilled 
water  and  extracted  under  toluol  with  frequent  stirring,  in  the  refrigerator  for  4  days. 
The  aqueous  suspension  was  then  filtered  by  gravity,  the  filtrate  acidified  to  litmus 
with  2%  acetic  acid  and  boiled  for  10  minutes  with  constant  mechanical  stirring. 
The  extract  was  filtered  hot  by  gravity  and  the  filtrate  again  filtered  through  a  Berk- 
feld  candle.  The  filtrate  was  concentrated  to  i/io  its  volume  under  diminished  pres¬ 
sure  at  45°  C.  Three  volumes  of  95%  alcohol  were  then  added  and  the  material 
filtered.  The  precipitate  was  washed  with  70%  alcohol.  The  combined  filtrates  were 
then  taken  to  dryness  under  diminished  pressure  at  30°  C.  and  the  resultant  material 
was  dissolved  in  just  sufficient  distilled  water  to  permit  solution.  Sixty  grams  of 
ammonium  sulfate  per  100  cc.  of  solution  were  added  and  the  salted  out  fraction  was 
separated  by  filtration  and  washed  with  saturated  ammonium  sulfate.  This  material 
was  extracted  with  70%  alcohol  which  dissolved  the  thymocrescin  and  left  most  of 
the  ammonium  sulfate  behind.  The  alcoholic  solution  was  taken  to  dryness  under 
diminished  pressure  at  30°  C.  and  dried  further  in  desiccators  at  less  than  i  mm.  of 
mercury.^  The  dried  material  was  stored  in  tightly  stoppered  flasks  over  concentrated 
sulfuric  acid  and  maintained  in  the  refrigerator.  One  hundred  and  fifty  kilograms  of 
fresh  calf  thymus  were  processed  yielding  263  gm.  of  dry  thymocrescin. 

We  (1940)  have  reported  at  length  on  a  comparison  of  our  qualitative  chemical 
analyses  with  those  of  the  Asher  groups.  The  only  point  of  difference  was  the  occur¬ 
rence  in  our  preparations  of  a  faint  positive  Hopkins-Cole  reaction  while  Asher’s 
preparations  gave  a  negative  reaction.  However,  the  Hopkins-Cole  reaction  in  our 
preparations  became  negative  when  the  boiling  in  acid  was  extended  to  30  minutes. 

Eight  albino  rats  were  selected  from  our  stock  colony  and  divided  into  4  groups, 
each  consisting  of  i  male  and  i  female.  Two  groups  were  kept  as  normal  controls  and 
the  others  started  on  daily  subcutaneous  injections  of  5  mg.  of  thymocrescin  in  i  cc. 
or  normal  saline. 

All  animals  were  maintained  on  our  stock  diet  of  Tioga®  dog  chow  and  water  ad 
libitum,  supplemented  by  the  semi-weekly  addition  of  lettuce. 

All  litters  were  weighed  at  the  same  time  each  day,  and  observations  made  on 
the  time  of  opening  of  the  ears,  eruption  of  the  teeth,  opening  of  the  eyes,  descent  of 
the  testes  and  vaginal  canalization.  Notations  were  made  of  weight,  age  and  body 
length  at  vaginal  canalization,  as  well  as  the  date  of  ist  estrus.  When  the  anim.als  were 
2  days  old,  the  litters  were  cut  down  to  a  maximum  of  7,  an  attempt  being  made  to 
keep  in  the  7,  3  males  and  4  females.  When  an  animal  failed  to  raise  at  least  4  off¬ 
spring  to  weaning  age,  the  data  for  the  litter  were  discarded. 

After  weaning  at  25  days  weights  were  taken  weekly  until  the  70th  day,  when 
the  animals  not  intended  for  use  in  carrying  on  the  next  generation  were  autopsied. 

The  animals  in  the  experimental  series  were  injected  daily  with  0.05  cc.  of  a 
solution  containing  5  mg.  per  cc.  from  the  time  they  were  a  day  old  until  they  reached 
an  average  for  the  litter  of  10  gm.  per  animal  when  they  received  o.i  cc.  The  dosage 
was  increased  o.i  cc.  for  every  gain  of  10  gm.  until  the  animals  were  receiving  1  cc. 


*  The  glands  were  purchased  from  Swift  6^  Co.,  who  froze  them  immediately  after  killing  and 
shipped  them  to  Parke,  Davis  y  Co. 

’  We  are  grateful  to  Drs.  Oliver  Kamm  and  D.  A.  McCinty  of  Parke,  Davis  (s’  Co.  for  handling  the 
preliminary  acetone  and  ether  extractions. 

*  We  are  grateful  to  Dr.  J.  J.  Pfiffner  of  Parke,  Davis  (s’  Co.  for  the  final  desiccation. 

‘  Bal-O-Rations  Inc.  Waverly.  New  York. 
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Table  i.  Weights  and  body  dimensions  at  70'Day  autopsy 


i 

No. 

Weight 

Body 

length 

Tail 

length 

Fore  limb 
span 

1  1  gw- 

1  mm. 

mm. 

mm. 

1  mm. 

Males 


Normal  2nd  gen. 

n 

259±27 

214+  6.2 

177+11.8 

169+7-3 

2i8±  7.7 

Thymo.  2nd  gen. 

221  ±  19 

195+10.9 

i8i±  4.8 

161  +  4.5 

209+  4.7 

Normal  jrd  gen. 

^9 

2J6±27 

105+  7.0 

173+  8.5 

164+4.0 

212+  J.9 

Thymo.  jrd  gen. 

■9 

iOJ±2J 

196+  6.6 

174+  9-6 

162+4.0 

211+  J.6 

Normal  4th  gen. 

mSM 

2i8±25 

201+  7.J 

169+  8.2 

162+5.3 

210+  5.8 

Thymo.  4th  gen. 

15 

209±20 

196+  5.7 

179+  5-6 

159  +  4-0 

2o8±  4.7 

Normal  5th  gen. 

17 

22J±i8 

197+  5.8 

171+  9.9 

163  +  5-4 

113+  5-3 

Thymo.  ^th  gen. 

19 

20J+22 

192+  8.7 

i8o±  6.1 

156+8.8 

105+1J.2 

Normal  6th  gen. 

15 

216+21 

195+  5-7 

165+  9.1 

160+4. 1 

110+  5.8 

Thymo.  6th  gen. 

14 

178+22 

i86±  8.7 

169+  8.5 

156+4-4 

102+  6.7 

Females 

Normal  2nd  gen. 

15 

181+14 

195+  2.2 

174+  8.1 

159+4-1 

106  ±  5.7 

Thymo.  2nd  gen. 

15 

164+21 

184+  7.9 

i66±  11.0 

151  +  3-5 

194+  3-1 

Normal  jrd  gen. 

41 

161  ±20 

i8j±  8.0 

162+  7.7 

153  +  4-7 

196+  6.4 

Thymo.  jrd  gen. 

34 

I57±19 

184+  7.7 

170+  7.9 

155  +  4-5 

198+  4-7 

Normal  4th  gen. 

31 

153+12 

179+  3-7 

156+  7-5 

153  +  1-8 

194+  4-4 

Thymo.  4th  gen. 

34 

153+14 

i8o±  5.9 

167+  5.7 

150+3-3 

191+  3-7 

Normal  ^th  gen. 

31 

157+12 

178+  5-3 

i6o±  7.0 

154+3-5 

196+  3-9 

Thymo.  5th  gen. 

15 

150+16 

176+  6.9 

i68±  6.6 

147+6.0 

187+  9.7 

Normal  6th  gen. 

13 

155+13 

179+  7-1 

154+  6.8 

154+6.1 

195+13-1 

Thymo.  6th  gen. 

14 

130+11 

169+  4.4 

i6i±  4.8 

146+2.6 

i88±  J.9 

Table  2.  Organ  weights  at  70'Day  autopsy.  All  of  the  weights  are  in  milligrams.  normal; 

T=  THYMOCRESCIN  INJECTED;  THE  NUMBERS  DENOTE  GENERATION 


Kidney 

Heart  j 

Thymus 

Adren'  l_,  . }  n.  . 

jjg  jThyroid^  Pituitary 

Testis 

Seminal  vesicles 
Full  1  Empty 

Males 

H2 

1,423+164 

974+  94 

377+  59 

48+  6| 

13+3 

9-4+1-5 

1,288+ 195 

387+113! 

198+43 

T  2 

1,211  +  193  793±  8j  344+148 

i8±  9 

14+2 

8. 3  +  2.4 

1,355+  78 

285+  63! 

136+13 

1,165+186 

86o±  118 

380+  77 

43+  7 

21  +  4 

8.6+  1.7 

1,245+123 

313+  97j 

173+41 

T  .5 

945+  186 

726+  91 

289+  67,  29+  8 

15  +  3 

7-4+1-0 

1 ,  io8±  J07 

222+120 

120+71 

N4 

1.062+  110 

791+  77 

356+  47 

39+  8 

i7±5 

8.0+ 1.4 

1,229+108 

345+  55, 

166+25 

T  4 

1,093+113 

701+  80 

Ji8±  67 

31+  7 

i7±3 

7-5  +  0. 9 

1.105  +  148 

240+  100 

138+41 

?<5 

1,023+128 

793+  13 

426+  94 

37±  7 

i8±  3 

8. 7+2.0 

i,276±ii6  312+  89 

162+  28 

T  5 

1,005  +  160 

786+  43 

175+  54 

26+  4 

i6±2 

7. 8+0. 9 

1,306+165 

287+  82 

145  +  31 

H6 

i,050±I56'  785±  89 

477  +  68 

35+  5 

i8±4 

8.4+ 1.2 

1,135+146 

298+  60 

136+40 

T  6 

884+116 

697+  86 

229+  46 

13+  5 

14+3 

7-4+1-3 

1,237+241 

179+  99 

144+34 

Females 

1 

Ovaries 

931+103 

704+  64 

300+  71 

52+10 

20+6 

9. 8+1. 2 

67+  16 

T  2 

819+112 

623+104 

193+  55 

35+10 

12+2 

8. 1  +  1. 5 

43+  15 

N:t 

814+  74 

6j9±  67 

335+  61 

45+10 

17±4 

8. 3+1.6 

58+  11 

T  .1 

77i±i37 

587+  89 

267+  71 

37+  7 

13+3 

7-5+1-5 

47+  10 

N4 

718+  75 

596+  41 

311+  39 

,  46+  9 

17±5 

8. 5+2. 9 

55+  11 

T  4 

807+  89 

6ji±  62 

289+  50 

37±  5 

i7±3 

7. 1+  1.0 

51+  10 

N5 

714+  77 

;  576+  64 

187+  39  39+  4 

15  +  1 

8.0+1. 3 

54+  7 

T  5 

7io±  86  6o4±  60 

165+  56;  32+  5|  15+2 

8.0+ 1.2 

57±  8 

J^6 

787+  98 

1  6i2±  58  378+  69  45+10 

i7±3 

9. 8+1. 8 

59+  15 

T  6 

1  645+  64^  557+  75 

I  189+  J0|  27+  4 

13+3 

7-4+1-3 

48+  11 
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This  amount  was  continued  as  the  adult  dosage.  Injections  were  made  through  preg- 
nancy  and  lactation  until  the  animal  was  autopsied. 

Care  was  taken  to  handle  the  controls  daily  to  negate  the  possible  influence  of 
more  handling,  during  the  injection  of  the  experimental  animals. 


Fig.  I.  (above)  Growth  curves  ind  generation.  Fig.  2.  (below)  Growth  curves  jrd  generation. 


Table  3.  Development 


Series  and 
generation 

Weight 

Body  length 

Vaginal 

canali¬ 

zation 

First 

estrus 

Testes 

descend 

Ears 

open 

Incisors 

erupt 

Eyes 

open 

gm. 

mm. 

days 

days 

days 

days 

days 

days 

Normal  2nd  gen. 

ioo±i7.3 

149+  8.2 

37+3-9 

38+  3-1 

17+1-3 

1-7 

11. 0 

15.6 

Thymo.  2nd  gen. 

103  ±18 

152+  8.2 

41+8.3 

41+10. 5 

18+1.7 

1-4 

9-5 

14.1 

Normal  3rd  gen. 

78±I5.i 

IJ9±  8.3 

36+3-1 

39+  3-7 

17+1-5 

3-1 

II. 0 

15.9 

Thymo.  3rd  gen. 

86±  12.7 

I42±  8.1 

39+6-3 

40±  6.9 

19+1.5 

3-0 

9.0 

14-7 

Normal  4th  gen. 

78±  9.9 

iJ7± 

36+1-7 

38+  2.8 

i8±i.6 

2.8 

11. 1 

16.4 

Thymo.  4th  gen. 

81+12.8 

t4i±  7-5 

36+4-1 

38+  4-9 

i8±  1.7 

2.2 

8-5 

15.9 

Normal  yth  gen. 

8i±  9  J 

ij8±  4.4 

36+2.8 

37+  1-8 

19+0.9 

1-5 

10.3 

IM 

Thymo.  5th  gen. 

77±  8.1 

136+  5-0 

35  +  3-5 

35+  3-5 

18+ 1. 1 

1-3 

8.2 

Normal  6th  gen. 

8y±  16.2 

I37±io-9 

40+5-3 

40+  5-5 

19+1-4 

1-5 

II. 0 

III 

Thymo.  6th  gen. 

72+  6.9 

iJ4±  3-9 

37  +  4-1 

38+  4-1 

20±2.0 

1-5 

8-3 

la 

At  autopsy  all  of  the  animals  were  weighed  and  measurements  made  of  the  body 
length  (nose  to  anus),  tail  length  (anus  to  tip  of  tail),  and  span  of  the  fore  and  hind 


October,  1940 


THYMOCRESCIN  AND  GROWTH 


697 


limbs.  The  thymus,  heart,  thyroid,  pituitary,  right  kidney,  and  both  adrenals  were 
then  removed  and  weighed.  All  weights  were  taken  to  the  nearest  milligram  except 
the  pituitary,  which  was  weighed  to  the  nearest  tenth  of  a  milligram.  In  the  females 
the  ovaries  were  weighed,  their  condition  and  that  of  the  vaginal  smear  were  ex' 
amined  and  the  probable  stages  of  gestation  in  instances  of  pregnancy  were  esti¬ 
mated.  In  the  male  weights  were  taken  of  the  right  seminal  vesicle  with  its  secretion, 
and  of  its  mate  on  the  left  side  with  the  contents  removed.  The  right  testis  was 
weighed  and  sperm  motility  noted  from  a  sample  of  the  tail  of  the  epididymis  sus¬ 
pended  in  physiological  saline  solution. 

Body  lengths  were  measured,  with  a  ruler  mounted  upon  two  uprights,  while  the 
animal  was  under  deep  ether  anesthesia.  In  using  this  method  the  animal  is  placed  on 
its  back  and  its  nose  brought  to  rest  against  the  upright  at  the  zero  mark.  A  needle  is 
so  placed  in  a  sliding  device  when  the  point  of  the  needle  is  placed  in  the  anal  aper- 


Fig.  j.  (above)  Growth  curves  4TH  generation.  Fig.  4.  (below)  Growth  curves  5TH  generation. 

ture,  the  naso-anal  length  is  read  off  directly  upon  the  scale  of  the  ruler.  By  this 
method  it  is  possible  to  take  measurements  of  body  length  which  are  readily  repro¬ 
ducible  within  I  mm. 

In  selecting  the  animals  to  carry  on  the  next  generation,  no  attempt  was  made  to 
select  the  most  rapidly  growing  or  the  most  precocious  animals.  Indeed,  conscious 
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efforts  were  made  to  select  animals  which  would  give  an  accurate  cross  section  of 
their  respective  generation  and  series. 

RESULTS 

The  autopsy  and  growth  figures  are  all  presented  with  their  standard  deviations. 
The  figures  at  vaginal  canalization  and  testicular  descent  are  also  presented  with 
standard  deviations.  The  data  for  ear  openings,  tooth  eruption  and  eye  openings  are 
presented  as  the  50%  points  on  curves  plotted  on  a  percentage-day  basis.  The  figures 
in  parentheses  are  the  spreads.  Examination  of  the  tabular  material  will  show  the 
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Fig.  5.  Growth  curves  6th  generation, 


complete  failure  of  thymocrescin  to  effect  any  change  in  the  rate  of  growth  or  devel¬ 
opment  with  the  exception  of  the  adrenals. 

DISCUSSION 

It  should  be  noted  that  both  the  males  and  females  of  the  experimental  series 
were  smaller  than  their  controls,  especially  in  the  6th  generation.  This  finding  may 
be  due  to  the  treatment  with  thymocrescin  or  it  may  be  simply  the  results  of  the 
close  inbreeding  which  is  required  in  an  experiment  of  this  type.  Three  observations 
may  be  cited  to  support  the  latter  explanation :  (a)  the  standard  deviations  and  spreads 
show  an  overlap;  (b)  another  series  of  animals  bred  at  the  same  time  for  another  ex¬ 
periment  and  given  daily  intraperitoneal  injections  of  saline  solution  showed  even 
lower  growth  curves  and  (c)  the  animals  of  the  later  generations,  both  injected  and 
control,  show  a  lower  growth  rate  than  the  animals  of  earlier  generations. 

Although  the  body  weights  of  the  experimental  animals  were  smaller,  the  autopsy 
figures  were  not  transcribed  from  absolute  to  percentile  weights.  When  this  is  done 
the  differences  between  the  two  groups,  already  small,  are  actually  diminished  fur¬ 
ther,  that  is,  the  percentile  weights  tend  to  show  a  closer  agreement  than  the  ab¬ 
solute  weights. 

However,  despite  the  reduction  of  differences  on  a  percentile  basis,  the  weights 
for  the  thymus  and  adrenals  remain  significantly  smaller  in  both  the  males  and  fe¬ 
males  of  the  experimental  series.  This  was  true  in  each  of  the  6  generations  which 
have  been  studied. 

Since  we  were  interested  in  the  possibility  of  securing  the  same  effects  with 
thymocrescin  in  successive  generations  as  had  been  reported  by  Rowntree  and  his 
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collaborators  with  thymus  extract  (Hanson),  it  is  well  to  note  that  the  Hanson  ex' 
tract  is  a  simple  dilute  acid  extract  and  as  such  should  contain  all  of  the  constituents 
of  thymocrescin.  This  fact  was  the  basis  for  the  hope  that  thymocrescin  might  be  the 
active  principle  of  thymus  extract  (Hanson). 

SUMMARY 

A  highly  purified  aqueous  thymus  extract,  thymocrescin,  was  prepared  according 
to  the  methods  of  Asher.  These  preparations  gave  the  same  qualitative  tests  as  de- 
scribed  by  Asher. 

Injection  of  5  times  the  minimum  effective  dose  reported  by  Asher  into  6  succes' 
sive  generations  of  albino  rats  failed  to  produce  any  acceleration  of  growth  or  develop- 
ment.  These  studies  have  included  263  control  and  248  injected  rats. 
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STUDIES  ON  THE  EFFECT  OF  OVARIOTOMY  AND 
HYPOPHYSECTOMY  ON  GESTATION  IN  SNAKES' 
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DENVER,  COLORADO 

Heretofore,  the  structure  and  function  of  the  corpora  lutea  bodies  have 
been  almost  exclusively  considered  in  mammals.  Comparatively  little  atten¬ 
tion  has  been  given  to  other  vertebrates.  The  structure  and  origin  of  the 
corpora  lutea  have  been  studied  and  investigated  in  such  viviparous  vertebrates  as 
elasmobranchs  and  reptiles  (1-7).  However,  little  or  no  attention  has  been  given  to 
the  physiology  of  the  corpora  lutea  bodies  in  reptiles. 

The  present  communication  considers  the  results  of  a  series  of  experiments 
designed  to  throw  some  light  on  the  function  of  the  corpora  lutea  bodies  in  snakes. 
A  portion  of  these  experiments  were  performed  at  the  Department  of  Experimental 
Biology,  American  Museum  of  Natural  History,  New  York  City.  A  preliminary 
report  of  the  results  as  obtained  there  was  published  in  abstract  form  (8). 

MATERIAL  AND  METHODS 

This  study  includes  observations  upon  a  total  of  78  water  snakes  cy- 

clopion,  N-  rhombifera,  N-  s.  confluens  and  N-  s-  sipedon),  32  garter  snakes (Thantnpohis 
sirtalis  and  T.  hutleri)  and  26  brown  snakes  (Storeria  deJ^ayi).  These  viviparous 
snakes  were  collected  or  shipped  from  various  localities  in  New  York  State  or 
Louisiana  at  various  times  of  the  year.  Upon  arrival  at  the  laboratory  they  were 
placed  in  stock  cages  until  they  became  adjusted  to  the  laboratory  environmental 
conditions.  The  water  snakes  were  fed  chopped  fish  for  the  most  part  and  the  other 
species  were  fed  on  earthworms.  After  the  period  of  conditioning,  the  gestating 
animals  were  selected  and  placed  in  individual  cages.  They  were  divided  in  4  general 
series;  (a),  ovariotomized;  (b),  hypophysectomized;  (c),  ovariotomized  and  progester¬ 
one  injected;  (d),  pituitary  extract  injected  series.  Adequate  controls  for  each  series 
were  also  included. 

In  the  ovariotomized  series,  the  snakes  were  anesthetized  with  ether  and  a  single 
incision  was  made  along  the  mid-ventral  region  of  the  body.  The  ovaries  were 
removed  and  at  this  time  the  stage  of  gestation  for  each  animal  was  recorded  and  each 
animal  placed  in  one  of  the  following  categories;  i,  early;  2,  middle;  3,  late  stage 
of  gestation.  This  procedure  was  necessary  because  the  length  of  gestation  was 
somewhat  variable,  depending  upon  temperature  and  other  environmental  condi¬ 
tions.  Furthermore,  the  length  of  gestation,  in  days,  had  not  been  adequately  deter¬ 
mined  for  all  of  the  various  species  of  snakes  used.  Following  the  removal  of  the 
ovaries,  the  incision  was  closed  with  a  quilt  suture  and  covered  with  collodion.  Con¬ 
trols  consisted  of  a  repetition  of  the  above  operative  procedures  without  the  removal 
of  the  ovaries. 

In  the  hypophysectomized  series  the  animals  were  anesthetized  with  ether  and 
the  pituitary  removed  by  the  oral  approach  technic  very  similar  to  that  used  in 

1  This  investigation  has  been  aided  in  part  by  a  grant  from  the  Josiah  Macy,  Jr.,  Foundation. 
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amphibian  hypophysectomy.  In  this  series  a  small  incision  was  made  into  the  ventral 
abdominal  region  to  again  confirm  the  embryonic  stage  of  development.  Controls 
for  this  series  consisted  of  a  repetition  of  the  operative  procedure  with  the  pituitary 
left  intact.  At  the  conclusion  of  the  experiment  hypophysectomy  was  confirmed  by 
serial  sections  through  this  region  of  the  head. 

The  specific  methods  instituted  in  the  ovariotomized-progesterone  injected 
series  and  the  pituitary  injected  series  will  be  described  in  the  results  and  discussion 
to  follow. 

RESULTS  AND  DISCUSSION 

Ovariotomized  series.  It  will  be  seen  from  the  results  given  in  the  table  that  all 
embryos  in  the  snakes  which  were  ovariotomized  in  the  early  stages  of  gestation 
underwent  a  resorption  process.  At  the  time  of  autopsy,  some  6  weeks  following 
the  operation,  no  evidence  of  embryos  was  found  and  all  yolk  masses  were  also 
found  to  have  been  resorbed.  In  the  18  snakes,  which  were  ovariotomized  during 
the  middle  of  the  gestation  period,  some  variation  was  noted.  Either  resorption  or 
abortion  occurred  within  one  week  following  the  operation  occurred  in  all  cases.  No 
animals  delivered  at  term.  It  may  be  stated  that  this  variation  may  have  been  due 
to  the  inaccurate  knowledge  of  what  should  have  been  designated  an  early  or  a 
mid'gestation  stage.  This  argument  could  be  particularly  applied  to  the  3  cases  of 
Hatrix  cyclopion  snakes  which  showed  a  resorption  of  young  instead  of  an  abortion 
of  young.  It  is  entirely  possible  the  glandular  relationship  mechanism  is  changing 
during  various  stages  of  gestation  to  produce  either  resorption  in  early  gestation 
and  abortion  at  a  later  date.  If  this  is  true,  the  3  resorption  cases  might  not  have 
reached  the  physiological  middle  stage  of  gestation.  This  might  also  apply  to  the 
variable  results  obtained  in  the  case  of  the  Storeria  de}{ayi,  here  all  6  animals  were 
ovariotomized  on  the  55th  day  of  gestation.  The  beginning  of  gestation  is  known  in 
the  case  of  this  species  because  all  females  were  bred  in  captivity.  It  has  been  shown, 
however,  by  Clausen  (9),  that  the  gestation  period  may  vary  in  this  species  from 
105  to  1 13  days  with  a  mean  average  of  109.5  days.  Hence,  a  gestational  time  rela' 
tionship  may  be  an  important  factor  producing  either  resorption  or  abortion  in  this 
species  as  well  as  in  water  snakes.  It  is  of  interest  to  note  that  all  30  snakes,  regard' 
less  of  the  species,  which  were  ovariotomized  during  the  late  stages  of  gestation  de' 
livered  normal  young  at  the  termination  of  what  was  considered  the  normal  period 
of  gestation,  since  a  variation  of  one  week  to  two  and  a  half  weeks  following  ovari' 
otomy  occurred  in  all  instances  before  normal  parturition  took  place. 

From  the  results  of  the  above  experiments  it  would  seem  that  the  corpora  lutea 
are  of  considerable  importance  in  snakes  in  the  early  and  middle  stages  of  gestation 
and  are  of  less  importance  in  the  late  stages  of  gestation.  It  is  possible  that  the 
failure  of  abortion  after  castration  in  the  late  stages  may  be  due  to  endocrine  secre' 
tions  from  tissues  analogous  to  the  placenta  in  mammals.  This  latter  assumption 
is  merely  a  working  hypothesis  and  further  anatomical  investigation  on  placentation 
in  reptiles  is  needed,  although  placentation  for  certain  European  and  Australian 
forms  of  reptiles  have  been  described  (10,  ii,  12).  A  description  of  placentation  in 
two  American  species  (Thamnophis  and  Storeria)  has  so  far  been  reported.  Rahn  (7) 
reported  a  yolk'sac  placenta  existing  in  the  early  stages  of  pregnancy  for  these  two 
species,  with  a  possible  primitive  beginning  of  an  allantO'placenta. 

Hypophysectomized  series.  It  will  be  seen  from  the  results  given  in  the  table  that 
the  removal  of  the  hypophysis  at  an  early  stage  of  gestation  resulted  in  resorption 
of  young  in  all  cases.  If  the  hypophysis  was  removed  in  the  middle  period  of  gesta' 
tion,  abortion  occurred,  and  all  embryos  were  delivered  dead.  This  latter  condition 
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also  was  noted  in  all  cases  of  hypophysectomy  during  the  late  stages  of  gestation 
and  it  is  chiefly  in  this  respect  that  the  experimental  results  on  hypophysectomy 
differ  from  ovariotomy  in  snakes. 

Table  i 

Species  | 

Cases 

Stage  of 
gestation 

General  results 

Autopsy  findings 

I  Effects  of  Ovariotomy  on  Gestation 

n  Sruil^es 

J^atrix  Cyclopion 

4 

Early 

Resorption 

No  evidence  of  young 

cyclopion 

5 

Middle 

Resorption  (3) 
Abortion  (2) 

3  dead  embryos  in  i  cage  no  young 
in  tubes 

N-  cyclopion 

6 

Late 

Normal  delivery  of 
44  young  (total) 

No  evidence  of  any  young  in  tubes 

N-  s-  confluens 

8 

Early 

Resorption 

No  embryos  or  yolk  present 

s.  confluens 

4 

Middle 

Resorption 

6-8  hard  yolk  masses  found  in  each 
snake 

N-  confluens 

8 

Late 

Normal  delivery  of 
live  young 

3  well'developed  dead  embryos  in  i 
case 

rhombifera 

8 

Late 

Normal  young  de¬ 
livered  (7)  cases 

In  one  case  14  mature  dead  young 
found 

N-  s-  sipedon 

4 

Early 

Resorption 

No  evidence  of  yolk  masses  or  young 

N-  sipedon 

■ 

Middle 

Abortion  of  all  dead 
embryos  6  days  after 
operation 

No  evidence  of  young  or  yolk  in 
tubes 

Thamnophis  sirtalis 

8 

Late 

Normal  delivery  of 
live  young 

No  cases  of  dead  young  in  tubes 

Storeria  de\ayi 

6 

Middle 

Resorption  (4) 
Abortion  (1) 

Abortion  complete  in  the  two  cases 

1  Effects  of  Hypophysectomy  on  Gestation 

J^atrix  Cyclopion 

6 

Late 

Abortion 

1  2  snakes  had  3  yolk  bodies  in  tubes 

s.  confluens 

4 

Early 

j  Resorption 

Yolk  masses  found  in  all  tubes 

s.  confluens 

4 

Middle 

[  Abortion 

1  (all  young  dead) 

No  material  in  tubes 

Thamnophis  butleri 

i  4 

Early 

Resorption 

6-9  yolk  masses  in  each  animal 

Storeria 

4 

Early 

Resorption 

I  case  had  partially  developed  young 
in  tubes 

Storerui  del{ayi 

6 

Late 

Abortion — 61  dead 
embryos 

No  evidence  of  yolk  or  embryos  in 
tubes 

The  results,  as  obtained  on  hypophysectomy  in  gestating  snakes,  suggests  that 
the  pituitary  is  an  essential  structure  for  the  maintenance  of  normal  pregnancy.  The 
responses  of  hypophysectomized  snakes  indicate  that  corpora  lutea  function  had  been 
interfered  with  during  the  early  and  middle  stages  of  gestation  and  that  the  hypoph' 
ysis  must  regulate,  during  late  gestation,  the  hormone  elaborated  from  the  pla- 
centahlike  tissues  as  suggested  in  the  work  on  the  ovariotomy  series. 
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Progesterone  administration.  Five  water  snakes,  in  each  of  the  3  stages  of  gesta¬ 
tion,  were  selected  and  ovariotomised.  On  the  third  day  following  ovariotomy  i 
mg.  of  crystalline  progesterone^  in  oil  was  injected  intramuscularly  into  each  animal 
twice  weekly  for  a  j-week  period.  In  no  case  did  the  results  deviate  from  those  in 
which  progesterone  was  not  given.  It  is  possible  that  the  amount  of  progesterone 
was  not  sufficient  or  that  a  follicular  extract  should  have  been  administered  in 
conjunction  with  the  corpus  luteum  hormone,  so  that  gestation  in  the  early  and 
middle  stages  could  have  continued  to  the  normal  parturition  period.  This  phase 
of  the  experiment  is  being  further  investigated  with  an  attempt  to  determine  whether 
corpora  lutea  are  actually  the  responsible  agents  and  also  to  determine  the  animal 
specificity  in  regard  to  the  various  hormone  extracts. 

Pituitary  extracts.  A  series  of  water  snakes  and  garter  snakes  in  the  various 
stages  of  gestation  were  selected  and  i  to  2  cc.  of  posterior  lobe  extract  was  ad¬ 
ministered.  In  the  relatively  late  stages  of  gestation  it  was  found  that  i  cc.  of  this 
extract  would  initiate  parturition  within  several  hours  and  all  embryos  (15  to  20 
for  each  snake)  would  be  delivered  alive  within  48  hours  after  one  administration. 
In  the  early  and  middle  stages  of  gestation  the  administration  of  3  to  4  injections 
of  2  cc.  each  had  no  effect  on  the  normal  gestation  period.  When  whole  gland  (sheep 
pituitary)  injections  were  substituted  for  pituitrin  the  results  were  in  general  the 
same  as  for  the  posterior  lobe  extract,  except  more  massive  doses  were  needed  to 
institute  immediate  parturition  for  those  snakes  in  the  late  stages  of  gestation. 

In  general  the  results  of  these  experiments  on  snakes  seemed  to  indicate  that 
the  normal  gestation  mechanism  was  controlled  by  a  series  of  hormones  through  the 
various  stages  of  gestation  in  a  manner  similar  to  that  found  in  a  number  of  species 
of  mammals.  The  interference  with  one  link  of  the  series,  for  example,  removal  of 
the  ovaries,  hypophysis  or  the  injection  of  hypophyseal  extracts,  disorganized  the 
normal  mechanism.  Further  investigation  seems  necessary  to  determine  precisely 
whether  or  not  the  yellow  bodies  within  the  ovaries  of  these  lower  vertebrates  are 
the  essential  structures  necessary  for  gestation  and  to  find  out  whether  progesterone 
is  the  hormone  secreted  or  whether  some  other  hormone  is  the  controlling  factor. 

SUMMARY 

The  purpose  of  this  study  was  to  determine  the  effects  of  ovariotomy,  hypo- 
physectomy  and  the  administration  of  progesterone  and  pituitary  extracts  on  gesta¬ 
tion  in  viviparous  snakes. 

The  following  conclusions  have  been  made.  Ovariotomy  during  the  early  gesta¬ 
tion  period  resulted  in  resorption  of  the  embryos.  Removal  of  the  ovaries  during  the 
middle  period  resulted  in  the  birth  of  dead  embryos  before  the  end  of  the  normal 
period  of  gestation  with  embryonic  growth  being  retarded  but  not  completely 
inhibited  in  some  cases.  Removal  of  the  ovaries  at  a  late  gestation  period  had  no 
effect  on  the  normal  gestation  or  parturition  process.  Hypophysectomy  during  the 
early  gestation  period  brought  about  resorption  of  young.  Removal  of  the  hypophysis 
during  the  middle  or  late  stages  resulted  in  the  death  of  the  embryos,  premature 
parturition  or  in  some  cases  resorption.  The  injection  of  crystalline  progesterone  did 
not  help  to  prolong  the  gestation  period  of  ovariotomized  snakes.  The  injection  of 
posterior  lobe  of  the  pituitary  extracts  had  no  effect  on  gestation  when  administered 
during  the  early  or  middle  stages.  However,  injection  of  this  pituitary  extract  during 
the  late  stages  resulted  in  parturition  within  a  short  time.  Whole  gland  (sheep  pitui¬ 
tary)  injections  had  an  effect  similar  to  that  of  the  posterior  lobe  extract. 

’  Thanks  are  due  Dr.  Ernst  Oppenheimer  of  Ciba  Pharmaceutical  Products  Inc.,  for  the  progesterone 
used  in  these  experiments. 
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Evidence  presented  seems  to  indicate  that  the  gestation  and  parturition  mech- 
anism  in  viviparous  snakes  is  controlled  by  a  factor  or  factors  similar  to  those 
found  in  some  species  of  mammals. 
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Yearbook  of  Neurology,  Psychiatry  and  Endocrinology.  Ed.  by  Hans  H.  Reese,  Nolan  D.  C.  Lewis 
and  E.  L.  Sevringhaus.  Yearbook  Publishers,  Chicago,  1939.  784  pp. 

This  volume  in  general  follows  the  plan  of  volumes  previously  reviewed.  Again  Sevringhaus  pre¬ 
sents  an  epitome  of  what  has  impressed  him  as  the  most  significant  recent  developments  in  the  field  of 
endocrinology  as  related  to  practical  medicine.  Although  much  of  the  material  consists  of  abstracts, 
these  are  written  clearly  and  in  sufficient  detail  to  afford  an  excellent  comprehension  of  the  subjects 
treated.  The  larger  significance  of  the  various  contributions  is  brought  out  by  numerous  editorial  com¬ 
ments.  To  those  busy  physicians  who  are  unable  to  read  extensively  in  the  original  literature  the  pre¬ 
sentation  can  be  commended  as  affording  intelligent  rapport  with  current  progress. 

Hormones  in  Invertebrates.  Bertil  Hanstrom.  Oxford  University  Press,  1939.  xii+198+13  plates. 

This  book  is  an  excellent  account  and  summary  of  the  extensive  but  scattered  w’ork  on  hormone 
substances  in  the  invertebrates.  Our  knowledge  of  the  actions  of  mammalian  hormones  on  invertebrates 
from  Protozoa  to  Arthrofxxls  is  first  reviewed,  then  the  actions  upon  vertebrates  of  extracts  made  from 
invertebrates.  Adrenalin-like  and  acetylcholine-like  substances,  estrogens  and  chromatophoric  substances 
are  included.  Follownng  this  the  larger  part  of  the  book  deals  with  specific  invertebrate  hormones,  includ¬ 
ing  those  acting  upon  the  sex  organs,  heart,  chromatophores,  nervous  system,  and  on  metamorphosis  and 
color  change.  A  short  appendix  treats  of  the  endocrine  organs  and  hormone  reactions  in  the  Tunicata, 
of  especial  interest  because  of  the  relation  of  the  phylum  to  the  vertebrates.  The  bibliography  occupies 
40  pages. 

Chemistry  and  Medicine.  Edited  by  Maurice  B.  Visscher.  University  of  Minnesota  Press,  1940.  vii+ 
296  pp.  $4.50. 

This  volume  contains  the  papers  presented  on  the  program  of  the  50th  anniversary  celebration  of 
the  establishment  of  the  Medical  School  of  the  University  of  Minnesota.  Some  of  the  papers  are  as 
follows:  “Some  Reactions  by  Which  Solutes  May  Be  Differentially  Concentrated  by  the  Kidney” — 
John  P.  Peters.  “Heparin  and  Thrombosis" — Charles  H.  Best.  “The  Biology  of  Animal  Viruses” — 
Robert  G.  Green.  “The  Nervous  Regulation  of  Visceral  Processes” — Detlev  W.  Bronk.  “The  Argument 
for  Chemical  Mediation  of  Nerve  Impulses” — Walter  B.  Cannon. 

Writing  the  Technical  Report.  J.  Raleigh  Nelson.  McGraw-Hill,  1940.  xv+371  pp.  $2.50. 

Although  written  for  the  engineer  this  manual  contains  much  on  the  organization  of  ideas  and 
transference  of  them  into  clear,  coherent  writing  that  could  be  read  by  profit  by  writers  in  the  biologic 
and  medical  fields.  The  book  consists  of  four  parts.  Part  1  presents  a  review  of  those  fundamental  con¬ 
siderations  which  bear  on  the  design  and  composition  of  the  report.  Part  2  gives  specific  directions  for 
the  setup  of  the  report.  Part  3  outlines  a  systematic  procedure  for  the  critical  examination  of  a  report. 
The  last  part  suggests  assignments  for  classroom  purposes. 

Dictionary  of  Scientific  Terms.  C.  M.  Beadnell.  Chemical  Publishing  Co.,  New  York  City.  $3.00. 

This  book  is  based  on  notations  taken  from  recently  published  scientific  books  and  from  articles  in 
scientific  periodicals.  A  bibliography  is  given  at  the  end.  The  dictionary  is  designed  for  use  by  students 
and  laymen  interested  in  present-day  scientific  development.  There  are  numerous  cross  references,  syno¬ 
nyms  and  antonyms.  There  are  over  6,000  words. 

Vitamin  D.  Chemistry,  Pharmacology,  Pathology,  Experimental  and  Clinical  Investigations.  C.  I.  Reed, 
C.  Struck  and  I.  E.  Steck.  University  of  Chicago  Press,  1939.  xviii+389  pp.  $4.50. 

Dr.  D.  J.  Davis  says  in  his  preface  that  “Primarily  the  volume  will  interest  those  concerned  with 
medicine  and  allied  branches.  Results  both  practical  and  theoretical  have  already  been  obtained  on  such  a 
scale  that  they  constitute  one  of  the  most  important  chapters  in  modern  medicine.  But  the  field  is  far 
broader.  Chemists,  nutritional  experts,  veterinarians,  workers  in  animal  husbandry  and  other  agricultural 
specialties,  game  and  fish  experts,  together  with  the  numerous  industries  based  on  one  or  another  of  the 
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above'inentioned  specialties,  constitute  a  field  whose  scope  is  rarely  equaled  by  that  of  any  group  of  com¬ 
parable  substances  related  to  life-processes. 

“This  contribution  may  therefore  be  recommended  to  scientists,  teachers,  industrialists,  druggists, 
and  physicians — all  of  whom  will  find  practical  and  theoretical  data  of  value  to  them  in  their  several  fields 
of  activities." 

Biochemistry  or  Disease.  Meyer  Bodansky  and  Oscar  Bodansky.  Macmillan,  1940.  x-}-684  pp.  $8.00. 

One  of  the  Macmillan  Medical  Monographs,  which  describes  the  application  of  biochemistry  in 
every  disorder  commonly  encountered.  The  material  is  arranged  according  to  clinical  entity.  Chapter 
headings  include:  Diseases  of  the  Blood,  E)iseases  of  the  Heart,  of  the  Respiratory  Tract,  of  the  Kidney 
and  Urinary  Tract,  of  the  Digestive  Tract,  Applications  of  Biochemistry  to  Problems  in  Obstetrics  and 
Gynecology,  Biochemical  Aspects  of  Neurologic  and  Psychiatric  Disorders.  There  are  also  chapters  on 
the  pancreas,  adrenab,  pituitary,  thyroid,  parathyroids  and  the  male  gonads. 


